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Listing and Summary of Revisions

●

. ●

✌✎

●

●

●

●

●

●

●

Revision O June 1, 1998

Revision 1 December 17, 1998

Page 33

REcg~~~~

Changed Charleston 50ti Magnitude Scaling Factor ~~T24 20~~

Page 34 Changed maximum CSR~ and am owl
Appendix D Replaced

Revision 2 September 18,2000

● Incorporate results from calculation K-CLC-H-00153 regarding subgrade modulus
specifically for the Remote Handling Building (RHB).

Incorporate results from calculation K-CLC-H-00154 regarding Product Transfer Trench
(PIT) differential settlement and subgrade modulus information.

Provide bearing pressure information for P7T.
Reword sections referring to H & V air supply being built over the PIT (H & V air supply will
not be built over the PTT).

Incorporate design spectrum consistent with new’PC-3 spectrum shape in the SRS
Engineering Standards Manual, Standard No. 01060, Rev. 4, September 1999.

Incorporate results from calculation K-CLC-H-.00I55 regarding updated heave estimates for.
RHB excavation.
Incorporate results from calculation K-CLC-H-00150 regarding lateral earth pressure due to
compaction.

Incorporate additional liquefaction results from revisions 1 and 2 of calculation
K-CLC-H-001 35.

Include additional CPTU data for new exhaust stack location.

Include soil resistivity testing data.

Provide additional information regarding soft zone report @VSRC-TR-99-4083) published
September 1999.

Reword sections referring to corridor 116 regarding settlement and mnnection to RHB and -
Main Building.

Provide additional guidance for settlement monitoring.

Update building dimensions, functional classifications and performance ca~egories.

General clarifications, correction of typographical errors and other minor changes.
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EXECUTIVE SUMMARY

Introduction

A aeotechnical investigation program has been completed for the Commercial Light Water I
Re;ctor - Tritium Ext&ction Fafility (CLWR-TEF) at the Savannah River Site (SRS). The ‘
program consisted of reviewing previous geotechnical and geologic data and reports,
performing subsurface field exploration, field and laboratory testing and geologic and
engineering analyses. The purpose of this investigation was to characterize the subsurface
conditions for the CLWR-TEF in terms of subsurface stratigraphy and engineering properties for
design and to perform selected engineering analyses. The objectives of the evaluation were to
establish site-specific geologic conditions, obtain representative engineering properties of the
subsurface and potential fill materials, evaluate the lateral and vertical extent of any soft zones
encountered, and perform engineering analyses for slope stability, bearing capacity and
settlement, and liquefaction potential. In addition, provide general recommendations for
construction and earthwork.

Background

The CLWR-TEF is located in the General Separations Area (GSA) in the central part of the SRS
(Figure 1). Within the GSA, the CLWR-TEF is situated in the northern portion of l-f-Area, directly
west of the Replacement Tritium Facility (RTF) (Appendix E). An extensive geotechnical
evaluation was performed for the RTF in 1993 (BSRI, 1993) and was used to supplement the
investigations described herein.

Currently, the site is relatively level with grade being at approximately elevation 290 ft, MSL.
Numerous trailers, warehouse facilities and other structures are located in the immediate area
and will be relocated prior to construction.

Investigations

The field investigationsperformed for this evaluation consisted of:

. Six piezocone penetration test soundings (CPTU),

● Eighteen seismic piezocone penetration test soundings (SCPTU),

. Seven standard penetration test (SPT)/ undisturbed (UD) borings, and

. One direct push sample.

In addition, existing information was reviewed and used, in particular the information from the
RTF, which is located approximately 200 feet to the east. Field investigations for the RTF
included:

. Drilling of 33 exploratory borings

. Completion of two crosshole geophysical arrays

. Geophysical logging of four boreholes

● Installation of three piezometers

. Eight CPTUS

v
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. Five SCPTUS

In the laboratory, samples representative of the various strata were classified with respect to
their plasticity and gradation characteristics, in-place natural water content and density. Triaxial
and consolidation tests were carried out on typical samples to define the strength and
compressibility characteristics of the soils under static load. Since the soils were found to be
very similar to the soils previously tested at the SRS, the dynamic properties (modulus and
damping) and the dynamic strength of the various foundation materials were determined based
on geologic stratigraphy and the unique site-wide relationships developed for the SRS.

Geology and Shallow Stratigraphy

Eocene and Miocene sediments within the GSA consist of unconsolidated deposits of sands,
silty to clayey sands and clays. Shallow sediments of the Altamaha, Tobacco Road, and Upper
Dry Branch formations are generally silty to clayey sands. Carbonate-rich horizons, of Eocene
age, are found sporadically in the Lower Dry Branch and underlying Santee formations. These
carbonate horizons are interspersed with sands and clays in a complex manner. In general,
these carbonate buildups (layers) appear to be oriented northeast-southwest and parallel the
strike of the coastal shoreline at the time of deposition.

Weight of rod and occasional rod drops have occurred in calcareous sediments as described in
drilling reports for the GSA. Most of these “soft zones” are sediment-filled witha fine-grained
sand.

The exploratory work completed during this investigation, supplemented with information from
previous work at the site, disclosed rather uniform subsurface conditions that were consistent
with the previous work at the RTF. The sands and clayey sands of the Altamaha and Tobacm
Road formation extend from the ground surface to a depth of about 55 feet. These sands are
underlain by about 56 feet of the dense sands and soft to medium clays of the Dry Branch
formation (the Upper Dry Branch, Tan Clay and Lower Dry Branch), which are in turn, underlain
by about 47 feet of silty to clayey sands of the Santee formation. Very stiff clays and dense
sands of the Congaree formation underlie the Santee to the depths investigated.

Local soft soil zones were enmuntered in SPT boring H-TEF-B2 and SCPTU sounding H-TEF-
C21 in the Santee formation. Investigations and previous experience indicate these zones are
pockets of softer material with limited lateral extent. The soft soil zone enmuntered during this
investigation was no thicker than 3 feet and circular in nature, about 40 feet in diameter. I
Groundwater was enmuntered in the borings at about elevation of approximately 252 feet MSL
(a depth of about 38 feet), which is consistent with groundwater measurements in the northern
portion of H-Area. For design purposes, a groundwater level of elevation 260 feet MSL is
remmmended.

Bearing Capacity and Static Settlement

/

Bearing capacities for the site soils were evaluated for various foundation configurations in the
CLWR-TEF area. Results indicated that the soils in the CLWR-TEF area generally provide
adequate strength for the foundations considered up to loads of 6 ksf. It is expected that the
actual foundation loads will be in the range of 1 to 2 ksf. For this load range, the expected static
settlement is less than 1 to 2 inches.

vi
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-- The except~on is the Remote Handling Building (RHB) and Corridor 116. The RHB will be
founded at a depth of about 31 feet below grade. The resulting excavation will cause the
foundation subgrade to heave due to stress relief (unloading) during construction. The amount
of stress relief depends on the soil properties and the length of time the excavation remains
open. The amount of heave could be in the range ofl to 2 inches. Since the load of the RHB is
equal to or slightly less than the soil removed, the resulting settlement will be elastic and will be
less than the amount of heave. Thus, the RHB could realize up to 1 to 2 inches of static
settlement during construction.

Liquefaction

The liquefaction potential of the foundation soil was evaluated both qualitatively and
quantitatively. Qualitatively, the measured shear wave velocity, grain size, and plasticity results
of the foundation soils show that the potential for liquefaction is negligible. Quantitatively, the
results showed that the foundation soils are not susceptible to liquefaction for the Performance
Category 3 ground motion used. However, isolated pockets of material exist where the factor of
safety is slightly less than one. The overall factor of safety for the foundation soils is generally
areater than 1.5. Estimated dynamic settlement resulting from partial liquefaction ranaes from
bss than %inch to 3 inches, ~th the average for the sfie ranging from approximate~y
inches.

Expected Settlement

Settlement for the facilities may occur in the following ways: 1) static settlement

3/4 to 2

due to
.- application of dead and live load, -2) dynamic settlement due to partial liquefaction, 3) settlement

due to dynamic loading of an underconsolidated soft layer at depth, and 4) semndary,, ~-- ‘
consolidation or creep. Analysis show that the total settlement for the Tritium Processing
Building (TPB) ranges from approximately 2 % to 4 % inches, broken down as follows:

. 1 inch of static settlement (during construction),

. ‘/2 inch of secondary consolidation (during operation), and

. 1 to 3 inches of dynamic settlement (post seismic).

The differential settlement is estimated at% of the total settlement, or 1% to 2% inches for the i
TPB. Differential settlement is expected to distribute over the minimum building dimension or
between adjacent columns.

For the RHB, analysis shows that the total settlement (including maximum computed
recompression) ranges from approximately 2X to 4Yz inches, broken down as follows:

. l%to 2 inches of static settlement (all being recompression during construction),

. 1%inch of semnda~ consolidation, (during operation)

. 1%to 1 inch of partial liquefaction settlement (post seismic), and

. ‘1inch of settlement due to underconsolidated soft zones (post seismic).

As discussed in the report, the % to 2 inches of static settlement is recompression of the
subgrade soils due to stress retief during constnktion. Since the weight of the RHB is equal to
or slightly less than (based on current information) the excavated soil, the static settlement
(recompression) will occur concurrent with load application. Thus, the RHB would potentially

vii
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realize approximately’% to 2 inches of settlement during construction and an additional’/z inch of
movement during operation, and 1% to 2 inches of post seismic settlement.

For the RHB, the differential settlement is estimated at % of the total settlement, orl % to 2%
inches. Differential settlement is expected to distribute over the minimum building dimension.
However, the final total and differential settlement for all of the facilities will depend on the
construction sequence, the actual configuration, the final foundation loading, and any variation in
soil conditions from those encountered.

Slope Stability

There are no permanent slopes associated with this facility. However, it is assumed a sloped
excavation will be constructed for the RHB. Analysis shows that the temporary slope will be
stable for slopes of 1-1/2 horizontal to 1 vertical. It is recommended that a 10 foot wide bench
be constructed at the mid-height of the slope and that the slope be protected from the
environment.

.
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Q
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qCor QC

(%)1
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Quaternary

Recent

RTF

ru

Sc

SCPTU

Nuclear Regulatory Commission

overconsolidation ratio

outside diameter

Geological Epoch from 38 mybp to 26 mybp

Geological Period from 500 mybp to 430 mybp

P-wave, compressional seismic wave

Plastic Index

Geological Epoch from 65 mybp to 54 mybp

Geological Era from 570 mybp to 225 mybp

Performance Category

preconsolidation pressure

pounds per cubic foot

Geological Period from 325 mybp to 280 mybp

Geological Period from 280 mybp to 225 mybp

plasticity index

plastic limit

Geological Epoch from 2.5 mybp to 10,000 years before present
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.pseudospectral velocity
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CPT tip resistance

CPT tip resistance normalized to 1 ton per square foot

quality control

Geological Period from 2.5 mybp to present
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pore water pressure ratio = Au/oO’

clayey sand

seismic piezocone penetration test sounding
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SPT

SRS

ST

ST

STD

t

terrigenous

Tertiary

Triassic

tsf

UD

UHS

us

USACOE

USNRC

v,

(v,),

Wc

WSRC .

&r

4

+’

Y

P

‘t

Site Geotechnical Services .

Composed predominately of elastic sediments rich in silica

silty sand

poorly graded sand

Standard Penetration Test

Savannah River Site
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1.0

1.1

1.2

1.3

INTRODUCTION

This report summarizes the geotechnical investigation for the Commercial Light Water
Reactor – Tritium Extraction Facility (CLWR-TEF) at the Savannah River Site (SRS).

The Commercial Light Water Reactor (CLWR) Project will establish the production
capability and operations systems necessary to produce tritium in a commercial reactor
so that tritium can be delivered to the nuclear weapons stockpile by the date specified in
the project schedule. The CLWR-TEF Project will establish the processes, equipment,
and facilities for production-scale extraction of tritium which minimize personnel
exposure, minimize environmental releases, minimize waste generation, and provide
reasonable capital and operation expenses (Ref. 1.1, 1.2, 1.3, 1.4). The CLWR-TEF
Project site will be located in the H-Area of the SRS (Figure 1).

Purpose and Objectives

The purpose of this investigation is to characterize the subsurface conditions at the
proposed Commercial Light Water Reactor - Tritium Extraction Facility project site; and
to provide geotechnical information, including soil properties, engineering evaluations,
and recommendations, for the design and construction of the facilities.

The objectives of this investigation are:

1. Determine subsurface conditions including selected soil properties,

2. Determine allowable bearing capacity and settlements resulting from static
loadingon the subsurfacesoils,

3. Evaluate the applicabilityof SRS site-wide PC3 spectra to CLWR-TEF facilities,

4. Evaluate the potential for liquefaction and dynamic settlement, and

5. Provide site preparationrecommendations.

Scope of the Investigation.

The smpe of the investigation includes:

1. Conduct subsurface exploration,

2. Perform laboratory tests,

3. Perform geotechnical analyses,

4. Perform engineering evaluation, and

5. Prepare a geotechnical report.

Proposed Facilities

New facilities will be installed at the project site. These facilities include 264-H, Tritium
Processing Building (TPB~ 264-1 H, Tritium Support Building; 264-2H, Remote Handling I
Building (RHB); 264-3H, Cooling Towers; 264-4H, H & V Supply Air Platform; 264-5H,

1
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Gas Cylinder Storage Shed; 264-6H, Chiller Building; 264-7H, Exhaust Stack; 252-68H,
Elec~rical Substation; 254-21 H, Diesel Generator Building; 902-7H, Fire Protection Valve
House; and Liquid Nitrogen Tanks.

The Performance Categories of these facilities are being determined and may range
from PCI, PC2, to PC3. The Functional Classifications of these facilities are being
determined and may range from General Services (GS), Production Support (PS), to
Safety Significant (SS) (Ref. 1.2, 1.3, 1.4). Performance Categories, Functional
Classifications (Ref. 1.5), and approximate dimensions (Ref. 1.1) assumed for the
facilities for the proposed project are:

1.4

1.

2.

3.

4.

5.

6.

7.

8.

9.

Main Building, 124 feet by 225 feet mat foundation, including 264-H, Tritium
Processing Building, PC3, SS; and 264-1 H, Tritium Support Building, PCI, GS.

264-2H, Remote Handling Building, PC3, SS, 86 feetby215 feet mat foundation.

264-H, Room 116, Corridor, PC3, SS, 21 feet by 27 feet mat foundation. Note
that Room 116 is within the Remote Handling Building footprint.

264-3H, Cooling Towers, PCI, PS, 20 feet by 34 feet with four 6 feet by 6 feet
footings.

264-4H, H & V Supply Air Platform, PC2, PS, 38 feet by 42 feet with eight 6.5 feet
by 5 feet footings.

264-5H, Gas Cylinder Storage Shed, PCI, PS, 16 feet by 18 feet mat foundation. I
264-6H, Chiller Building, PC2, PS, 46 feet by 70 feet with four 6 feet by 6 feet
footings.

264-7H, Exhaust Stack, PC3, SS, 27 feet by 27 feet mat foundation.

252-68H, Electrical Substation, PCI, PS, 40 feet by 50 feet mat foundation. I
10.254-21 H, Diesel Generator Building, PC2, PS, 28 feet by 35 feet mat foundation. I
11. 902-7H, Fire Protection Valve House, PC2, PS, 10 feet by 10 feet mat foundation.

12. Liquid Nitrogen Tanks, PCI, PS, 19 feet by 33 feet mat foundation. I
The above information is subject to change during the design process. The locations
and configurations of the facilities (Refs. 1.1 and 1.13) are shown on the Facility Layout I
and Exploration Location Plan in Appendix E.

Existing Information

The proposed facilities will be constructed in the northwest section of the Tritium Area.
The Tritium Area is located in the northwest portion of H-Area. The natural terrain in the
project site gently slopes towards the northwest from approximately 290 feet Mean Sea
Level (MSL) to approximately 280 feet MSL. The major portion of the project site is
unpaved and covered with grass or gravel. Some of the areas are paved with asphalt or
concrete; however, two warehouse buildings, several pre-manufactured buildings,
storage sheds, utility equipment pads, and timber walkways are currently located at the
project site.
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Geotechnical investigations were petformed previously in the vicinity of the project site.
Investigations for Building 233-H, Replacement Tritium Facility (RTF) have provided
valuable data for the CLWR-TEF project site. Investigations for the RTF site included
Standard Penetration Test (SPT) boreholes, undisturbed (UD) sample boreholes,
Seismic Piezocone Penetration Test (SCPTU) soundings, Piezocone Penetration Test
(CPTU) soundings, Cross-hole seismic wave measurements, laboratory tests, and
engineering analyses (Ref 1.6). Information on deep stratum in the H-Area, based on
the data from a deep borehole (MMP-2A-SB) on the southwest side of the H-Area, has
also been incorporated into this investigation.

1.5 Quality Assurance

Quality related activities performed by WSRC during the Geotechnical Investigation were
controlled in accordance with the WSRC QA Program as delineated in WSRC Procedure
Manual IQ, Quality Assurance Manual (Ref. 1.7). Activities performed by SGS
personnel were also mntrolled via compliance to the applicable administrative and
technical procedures contained in WSRC Procedure Manual E9, Site Geotechni=l
Services (Ref. 1.8).

Cone Penetration Testing was controlled in accordance with the Quality Assurance Plan
for WSRC Subcontract AB53066-N with Applied Research & Associates, Inc., Revision O
(Ref. 1.9), and the Quality Assurance Program for Piezo/Seismic Cone Penetration Tests
(Ref. 1.10). Subcontractor compliance with their implementing procedures and
instructions (ARA-Q-I 01 through 107) (Ref. 1.11) also ensured the integrity of CPTU
results and interpretations.

Soils testing performed by Law Engineering was accomplished through compliance with
the Law Engineering QA Program as delineated in their QA manual, Law Engineering
Quality Assurance Manual, Revision O (Ref. 1.12), applicable Work and Test
Procedures, and applicable national/industry test standards (as specified in procurement
specification).

.

SGS QA provided quality oversight over all quality related activities of the geotechnical
investigation. SGS QA oversight activities included the review and approval of all
technical and quality procedures and instructions developed specifically for the
investigation and review of engineering calculations.

QA/QC activities were also performed by Law Engineering and Applied Research &
Associates personnel as prescribed in their respective QA programs, QA plans, and QA
technical procedures.
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2.0 GEOLOGY AND SEISMOLOGY

2.1 Geology

Basement Iithologies at the SRS consist primarily of crystalline igneous and
metamorphic rocks, possible Late Precambrian to Late Paleozoic age, and of Early to
Middle Mesozoic (Triassic to Jurassic) rocks that occur in isolated, fault-bounded basins
either exposed within the crystalline belts or buried beneath the coastal plain sediments
(Ref. 2.1).

The Coastal Plain stratigraphic section is divided into several formations and groups
based principally on age and Iithology. Sediments range in age from Late Cretaceus
through Tertiary. The Iithostratigraphic sequence” at the General Separations Area
(GSA) is composed mostly of terrigenous elastic sediments interspersed with carbonate-
rich elastic sediments and limestones. The elastic facies consist of gravel, pebbly sand,
clayey sand, silt, clay, and sandy clay. The calcareous facies consist of calcareous sand
and mud, limestone, sandy limestone, and sandy and muddy limestone. These
Cretaceus through Tertiary sediments are described in the following sections and
depicted in Figure 2, beginning with the deepest formations and progressing to the
surficial sediments.

2.1.1 Cretaceus Sediments

The Cape Fear Formation is the basal unit of the Coastal Plain stratigraphic section and
is composed of poorly sorted, silty-to-clayey quartz sand and interbedded clay. The
sand is arkosic in places. Muscovite and iron sulfide are also present. The Cape Fear
Formation is more indurated than the other Cretaceus formations because of the high
clay content and abundance of cristobalite in the sediment matrix. Sand is commonly
medium-grained, but ranges from very fine to coarse-grained. Pebbly zones are present
in many parts of the section.

The Cape Fear Formation is about 30 feet thick at the northwestern SRS boundaty and
thickens to more than 180 feet near the southeastern boundaty. The environment of
deposition has been interpreted as upper delta plain (Ref. 2.2).

The Middendorf Formation unconformably overiies the Cape Fear Formation with a
sharp, distinct contact. This formation is dominantly a medium to coarse-grained quartz
sand with moderate to good sorting. Pebbly zones are common as well as clay clasts. I
Some parts of the unit are feldspathic, micaceous, and lignitic zones. The sand of the
Middendorf Formation is much cleaner and less indurated than sand in the Cape Fear
Formation. Cross-bedding is well developed in the lower part of the section in some
areas. A clay layer up to 80 feet thick forms the top of the formation. Another clay-rich
zone is present near the middle of the formation in places at SRS. In the northern part
of SRS, the formation is highly colored and composed mostly of sand. The thick clay
bodies observed downdip within SRS are missing in the north, although clay interbeds
up to 2 feet in thickness are present.

4
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The formation is approximately 130 feet thick near the northwestern boundary of SRS
and ~hickens to more than 180 feet near the southeastern boundary. The Middendorf ‘
Formation at SRS was probably deposited in fluvial and deltaic environments (Ref. 2.2).

The Black Creek Formation is composed of sand, silt, and clay. The upper part of the
formation is mostly clay and silt, while the lower part consists of silty micaceous sand.
Sorting is generally moderate to poor. The sand is micaceous and becomes Iignitic in
the central and southwestern parts of the SRS. Layers of pebbles and clay clasts are
common. Feldspathic zones are present. The upper, clayey, silty section of the Black
Creek Formation is divided into three Iithofacies, each trending across SRS from
southwest to northeast. The northwestern Iithofacies is a massive 20 to 40 feet thick clay
that is highly oxidized. The Black Creek Formation in the central part of SRS is
dominantly dark to light, micaceous silty sand with thin interbeds of clay. The
southeastern lithofacies is also fine-grained and consists mostly of dark clay
interlaminated with silt. Dark, fine- to medium-grained, fining-upward sand is present
within the unit. Iron sulfides are common.

The Black Creek Formation is about 110 feet thick at the northwestern boundary of SRS
and thickens to more than 250 feet near the southeastern boundafy of the site. Most of
the Black Creek Formation was probably deposited in a lower delta plain environment,
except for the light-colored sand in the northwestern part of SRS, which was probably
deposited in an upper delta plain environment.

The Steel Creek Formation is dark, glaumnitic, fine-grained sand and silt with marine
fossils (dinoflagellates). The lower part of the Steel Creek Formation is sandy with a
pebble-rich zone at its base suggesting a basal unmnformity. This lower section
consists of poorly to well-sorted, fine- to coarse-grained quartz sand and silty sand and is
very micaceous in places. The upper part of the Steel Creek Formation is a clay that
varies from more than 50 feet to less than 3 feet in thickness at SRS. Fining upward
sands are interbedded with the clay in some areas. Steel Creek Formation probably
formed in an upper delta plain environment in the southwest and in a lower delta plain in
the northeast. It is about 110 feet thick at the northwestern SRS boundary and 130 feet
thick at the southeastern boundary.

2.1.2 Tertiary Sediments
~

Paleocene
~

The Sawdust Landing Formation, the lowermost Paleocene unit, rests unmnformably on
Cretaceus sediments and consists mostly of yellow, orange, tan and gray, poorly
sorted, micaceous, silty, and clayey quartz sand interbedded with gray clay. It is locally
feldspathic and iron sulfide and lignite are common in the darker sections.

The overlying Lang Sync Formation consists of dark gray and black Iignitic clay and
poorly to moderately sorted, micaceous, lignitic, silty quartz sand and pebbly sand.
Glauconite is mmmon in the southeastern part of the unit. Feldspar occurs locally and
iron sulfide and cristobalite are common in the darker colored part of the unit.

The Snapp Formation, the uppermost Paleocene unit, consists typically of light gray, tan,
orange, and yellow, medium-to coarse-grained quartz sand and pebbly sand interbedded

5



Commercial Light Water Reactor K-ESR-H-OOOIO
Tritium Extraction Facility Rev. 2
Geotechnical Summary Report (U) September 2000

with.kaolinitic clay. Dark muscovite and lignite-bearing sand is less common. The Snapp
in the northwest part of SRS is a less silty, better sorted sand with thinner clay interbeds.

The depositional environment for Paleocene unit grades from upper to lower delta plain
(deltaic) and marginal marine from northwest to southeast across SRS. ~

Eocene

The Fishburne Formation of Fallaw and Price (Ref. 2.3) is a tan, orange, yellow, brown,
and white, fine to marse, moderately well-sorted, loose sand. Pebbly zones are
common. Clay layers are characteristically found near the middle and top of the unit. It
is characteristically about 30 feet thick at SRS. The presence of glauconite and
dinoflagellate assemblages suggest a shallow marine environment of deposition.

The Congaree Formation unconformably overlies the Fishburne Formation and consists
of well sorted, well rounded, and fine- to marse-grained quartz sand. Thin clay Iaminae
occur throughout the formation, but are more common in the lower part. In some areas a
thin clay-rich glauconite-bearing layer separates the Congaree from the underlying
Fishburne Formation. Pebble layers, clay clasts, and glauconite are locally present.
Both siliceous and calcareous cement have been observed in the upper part of the
Congaree Formation at SRS. The unit increases in thickness from about 60 feet on the
northwest to about 80 feet in the southeast, and is interpreted as a shallow marine
environment of deposition.

The Warley Hill Formation (Ref. 2.4) overlies the Congaree Formation. It consists of
variable clay, clayey sand, and silty fine-to medium-grained quartz sand and locally
contains glauconite. Thickness varies from a few inches to 15 feet. The Wariey Hill
sometimes includes the informal hydrostratigraphic unit known as the ‘green clay.”

The ~nker-Santee Formation overlies the Warley Hill Formation and includes several
distinct lithofacies. The light colored, moderately to well sorted, fine to coarse,
sometimes cal~reous quartz sands that predominate towards the north and
northwestern parts of SRS have been termed the Tinker Formation (Ref. 2.4). The
amount of calcareous material within the Tinker Formation increases from northwest to
southeast across SRS and grades into the Santee Limestone towards the southeast.
The Santee Limestone consists of cream-colored, micritic to shelly, partially indurated to
indurated, biomoldic limestone, indicative of an open, unrestricted shallow marine
environment. Previously, the Tinker-Santee interval was termed the McBean Formation
or McBean Member of the Lisbon Formation, or the Santee Formation (Ref. 2.2, 2.5,
2.6).

The Clinchfield Formation overlies the Tinker Formation and consists of fine-to coarse-
grained, locally calcareous, quartz sand. An indurated, bioclastic and biomoldic,
glauconitic limestone facies, commonly mntaining abundant echinoid fragments
(Periarchis lyelli), is designated as the Utley Limestone Member. The amount of
calcareous material increases downdip (i.e., to the southeast). This unit was not
indicated in CLWR-TEF boreholes.

The Dry Branch Formation overlies the Clinchfield Formation. The Dry Branch Formation
has been subdivided into the Griffins Landing, Twiggs Clay, and the Irwinton Sand
Members. The Griffins Landing Member is a distinctive carbonate-bearing facies that
interfingers with the Twiggs Clay Member which consists of clay beds of variable
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2.2

thickness interbedded with clayey sand. The Griffins Landing is characterized by the
pre<ence of Crassostrea gigantissima (giant oyster shells) often found in growth
positions. These carbonate occurrences are discontinuous and probably represent
oyster beds developed in a back barrier or transitional environment, and the clays
probably represent marsh and tidal flat deposits. The Irwinton Sand Member contains
moderately-to well-sorted quartz sand, locally interlaminated with clay. In general, the
hwinton Sand generally maintains a superior stratigraphic position to Twiggs Clay and
the Griffins Landing Members. The entire formation thickens from about 50 feet near the
northwestern boundary of SRS to approximately 80 feet to the southeast. Members of
the Dry Branch Formation were not differentiated in this investigation.

The Tobacco Road Formation conformably overlies the Dry Branch Formation. A coarse
layer that may contain a flat pebble mnglomerate is characteristic at the contact point
between the two formations. The formation typically contains moderately- to poorly-
sorted, red, brown to variegated purple and orange, quartz sand with clay stringers.
Tra6e fossils, especially burrows of Ophiomorpha, are locally abundant. Pebble layers
and muscovite are distributed locally throughout the formation. A heavy mineral
concentration, sometimes present at this boundary, may produce radioactivity that
assists in identifying the contact on gamma-ray logs.

Younger than Eocene

The ‘Upland Unit’ is an informal stratigraphic term that has been applied to local deposits
that outcrop at higher elevations in the coastal plain of southwestern South Carolina
(Ref. 2.7. 2.8). Units in a similar stratigraphic position in Georgia are usually called the
Altamaha Formation. Outcrops and surface exposures are very common in the SRS
area. Dark red, brown, orange, poorly sorted clayey to silty sand locally contains lenses
and layers of conglomerate, pebbly sand and clay. Cross bedding and white flecks that
may be weathered feldspar are locally common. The Upland Unit, locally up to 70 feet
thick, is generally fluvial and forms a scoured, erosional surface on the Tobacco Road
Formation. The age of this unit has not been definitively determined, and correlation with
similar deposits in the region is not yet clear. Prowell, et. al. (Ref. 2.2) and Nystrom et al.
(Ref. 2.8) have proposed a Miocene age. Work in progress (Ref. 2.9) suggests that at
least in part, the age of sediments in this interval maybe as old as Late Eocene.

Seismic Evaluations

The Generic Safety Analysis Report (SAR) (Ref 2.1O) contains a detailed description of
SRS seismic hazards, a summary of applicable DOE seismic standards, and a history of
the earthquake design basis development for SRS facilities. The reader is referred to
that document for the seismology background.

Current SRS site-wide design basis earthquake (DBE) spectra are reported in Ref. 2.17. I

The site-wide design basis spectra meet the requirements of DOE Standards 1020 (Ref.
2.12) and 1023 (Ref. 2.13). Performance Categoty 3 and 4 (PC3 and PC4) spectra are
developed for the SRS bedrocldsoil interface and for soil free-surface. Figure 3 shows
the SRS site-wide design response spectra.

These spectra meet DOE-STD-1O23 (Ref. 2.13) requirements for mean based spectra
that have an annual probability of exceedance of 5 x 104 (PC3) and 1 x 104 (PC4). The

7
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bedrock design basis spectrum was derived by averaging the Electric Power Research
Instifute (Ref. 2.14) and the Lawrence Livermore National Laboratory (Ref. 2.15) mean
uniform hazard spectrum (UHS), appropriate for bedrock conditions at the SRS.
Following DOE-STD-I 023 (Ref. 2.13), the PC3 bedrock hazard spectrum was
broadened by using two deterrninistically-derived spectral shapes; one anchored at the
average of 5 to 10 Hz and the other at the average of 1 to 2.5 Hz. The spectral shapes
were derived from Random Vibration Theory (RVT) (Ref. 2.16) models of ground motion
for average earthquake magnitudes and distances controlling the 5 to 10 and 1 to 2.5 Hz
seismic hazard. These earthquake magnitudes ranged from 5.4 to 5.7 (M.) and
distances 70 to 105 km. Similarly, a 1 x 1041yr bedrock and soil spectra were also
derived for PC4 facilities. The site-wide soil spectrum was developed by computing the
mean soil response from a statistically derived soil model (Ref. 2.11). The soil model I
was derived from the SRS database consisting of Iaboratoty estimates of soil specimen ‘
dynamic properties, a variety of geophysical estimates of shear-wave velocity in soil and
bedrock, and geological and geotechnical investigations from boreholes and geophysical
logs. In addition to the measured site-wide variability, the model accounts for variability
in bedrock and soil column thickness. In addition, margin has been added to the PC3
soil response results (Ref. 2.19).

DOE-STD-1023 (1996) also requires a deterministic ground motion check using the
largest historical earthquake within 200 km having a moment magnitude greater than 6.
For the SRS, this check was conducted for ground motions associated with a repeat of
the 1886 Charleston earthquake (MW= 7.3). Following DOE-STD-I 023 (Ref. 2.13), the
median and 84* percentile ground motion spectra were used to meet the PC3 and PC4
performance criteria respectively.

According to WSRC (Ref. 2.17), the spectra are considered “committed” in accordance
with the E7 Manual (Ref. 2.18). For application of the spectra to a particular facility, the
spectra must be “confirmed” by conducting a review of the stratigraphic conditions at the
site for consistency with the database used to develop the site-wide spectra (Ref. 2.11).
Site specific CLWR-TEF velocity and stratigraphy data have been reviewed and found to
be consistent with the data used for the site-wide spectra (Ref. 2.20). Thus, the PC3
broadened free-field spectrum, contained in Ref. 2.17 is “confirmed” for engineering
analysis of the CLWR-TEF, as discussed in Section 7.7.

8
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,.

3.0 SUBSURFACE EXPLORATION

Subsurface information in H-Area is available from pre-mnstmction boreholes drilled for
the initial foundation investigations, post construction soils investigations, and from
recently completed geotechnical investigation programs. In the vicinity of the CLWR-
TEF project area, a geotechnical investigation for the Replacement Tritium Facility (RTF)
was completed in 1993 (Ref. 1.6). This information was used to develop the
geotechnical investigation program for the CLWR-TEF.

Between September 1997 and April 1998, the subsurface exploration for the CLWR-TEF
was executed. The primary intent of the program was to acquire information to
characterize the subsurface conditions in terms of static and dynamic properties. This
was accomplished by developing a shallow engineering stratigraphy for the area and
comparing the subsurface conditions and stratigraphy directly with the extensive
characterization previously completed for the RTF and other H-area facilities.

The CLWR-TEF subsurface exploration mnsisted of a series of standard penetration
test (SPT) with undisturbed (UD) sample boreholes, seismic piezocone penetrometer
test (SCPTU) and non-seismic piezocone penetrometer test (CPTU) soundings. In
summary, the following boreholes and information acquired as part of this investigation
have been used for the characterization of the subsurface materials within the project
area:

. Eighteen SCPTU soundings,

. Six CPTU soundings,

. Seven SPT/UD boreholes,

. One Direct Push Sample,

In addition, existing information was reviewed and used, in particular the information from
the RTF, which is located approximately 200 feet to the east. Field investigations for the
RTF included:

. Thirty-three RTF- SPTWD boreholes,

. Two RTF Cross-hole Geophysical Arrays,

. . Geophysical logs for four RTF boreholes,

. Three RTF piezometers,

. Eight RTF CPTU soundings, and

. Five RTF SCPTUS.

SCPTUS and CPTUS in the vicinity of the project site are summarized in Table 1.
Boreholes in the vicinity of the project site are summarized in Table 2. Field exploratory
locations along with the proposed facilities are shown in Appendix E, Facility Layout and
Exploration Location Plan. Appendix A contains the SCPTU and CPTU sounding results
including the sleeve resistance, tip resistance, pore pressure, and friction ratio. Shear
and compressive wave velocities are also included for the SCPTUS. Appendix B
contains the Geotechnical Boring Logs for the boreholes.

9
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3.1 Field Test Location and Clearance

The selection of the borehole locations, cone soundings, and otherfield work was based
primarily on the following critetia and factors:

● Existing structures and the proposed facility layout,

. Data coverage,

. Existing data availability,

. Type of data required,

● Under-and-above ground interferences, and

. Operation restrictions.

Approval of the selected location for the field work was preceded by a series of work
coordination steps as summarized below (the organization responsible for each step is
noted in parentheses):

● Selection of general area based upon the factors listed above (SGS),

● Preliminary interference research (Construction Layout),

● Ground penetrating radar survey (Operations Department),

. Preparation of work package (SGS),

. Work Process Control (Operations Department), and

● Field survey (Construction Layout).

3.2 Equipment and Field Test Methods

All equipment used in the field investigations met applicable ASTM standards and site
standards and procedures as listed below (Ref. 1.8, 3.1, 3.2):

. WSRC E9 SGS-GT-202 - Drilling Practices,

. WSRC E9 SGS-GT-203 - Sample Preparation, Handling and Storage,

. WSRC E9 SGS-GT-206 - Engineering Soil Descriptions,

. WSRC E9 SGS-GT-207 - Field Log Preparation,

. WSRC E9 SGS-GT-21 0- Standard Penetration Test,

. WSRCE9SGS-GT-211 - Cone Penetration Test Soundings,

● WSRC 3Q5 Manual - Hydrogeologic Data Collection, and

● ASTM DI 587-83- Thin-walled Tube Sampling of Soils (Shelby).

3.2.1 Exploration Contractors and Equipment

One drilling contractor was utilized for the boreholes, SPT testing, and undisturbed soil
sampling (Shelby tubes). One contractor was used for all cone soundings. A description
of the smpe of each contractor and the equipment used is provided below.

3.2.1.1 Applied Research Associates (ARA)

Applied Research Associates (ARA) performed all CPT field and data processing
activities. The rig and crew have been used extensively on recent geotechnical programs
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at SRS including the lTP/HTF investigation, RTF, KASS, Par Pond, F-Area, APSF and
othe~s.

The CPT rig utilized was a 22-ton rig capable of30 ton mass push when fully ballasted.
The push rod and piezocone utilized conformed with ASTM D5778-95 consistent with
WSRC E9 SGS-GT-211 - Cone Penetration Test Soundings (Ref. 1.8). This rig was
equipped with a hydraulic skid coupled to the surface beneath the rig for generating a
shear wave source. Compression waves were generated with a hammer located on the
outside of the rig. All components were controlled by the operator.

3.2.1.2 Graves Environmental

Graves Environmental, Inc., performed the drilling and sampling for all boreholes. All
Graves Environmental drillers involved with the drilling and sampling activities were
experienced, and also had been involved with numerous geotechnical investigations at
the SRS including the RTF and lTP/HTF investigation.

A Failing 1500 drill rig was used to advance the boreholes. The Failing 1500 drill rig is,
gas-driven with a 40-foot mast. The rig has a 23-foot Kelly assembly which allows for a
20-foot stroke and is capable of mud rotary, augering, and rotary coring techniques. The
drill string is controlled by the Kelly arrangement, as well as, by a mechanical winch.
This type rig was used for all boreholes.

3.3
,.

,,,,,/. 3.3.1

Field Test Methods

Standard Penetration Test (SPT)

Continuous SPT with intermittent shelby tube samples, were performed in boreholes
HTEF-BI and HTEF-B2 located underneath the heavily loaded portion of the facility.
Borehole HTEF-B3, HTEF-B4 and HTEF-B5 were continuously sampled in the upper 30
feet changing to five feet centers for about the next 90 feet and continuous for the
remaining depth of the boreholes (about another 40 feet typically). Borehole HTEF-B6
was drilled to obtain a single missed shelby tube interval and borehole HTEF-B7 was
drilled adjacent to HTEF-B4 to obtain SPT measurements between depths of 88 to 100
feet due to a no recovety zone noted in this interval.

Tests were performed in accordance with WSRC E9 SGS-GT-210 (Ref. 1.8) using a
standard 24-inch long by 2-inch outside diameter (OD), split-spoon sampler with a
bleeder and check valve located above the sampler, NWJ drill stem, and a 140-lb safety
hammer falling 30 inches. SPT testing was performed by driving the split spoon sampler
18 inches, unless refusal per ASTM D 1586-84 (Ref. 3.2). SPT N-values were
determined by adding the number of blows required to drive the split-spoon sampler the
last 12 inches of the standard 18-inch drive. The general test procedure, as noted in
sequence, is outlined below

. Split spoon is lowered into nominal 4-inch diameter borehole,

. Depth is checked and any rod settlement noted,

. Six-inch intervals, totaling 18 inches, are marked on the drill rod above the

turntable,

11
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3.3.2

3.3.3

: Sampler is driven by blows applied using a 30-inch stroke with the rope wrapped

twice over the cathead,

● Sampler retrieved and recovery noted,

. Sampled interval reamed out to nominal 4 inches, and

. Process repeated.

Prior to each SPT test, the Geotechnical Oversight verified that the spoon was properly
assembled, making sure the bleeder and check valve were clean and the drive shoe was
in good condition.

Undisturbed Sampling

The selection of the sampling interval was based on the results of previously pushed
SCPTU soundings. Undisturbed soil samples were obtained for Iaboratoty testing with
direct push shelby tubes in accordance with ASTM D1587 (Ref. 3.2).

The shelby tubes used were galvanized steel with a 3 inch OD, 0.065 inch wall
thickness, and a length of 30 inches. Drilling was accomplished by mud rotary methods
to the predetermined sampling depth. Drilling requirements for undisturbed sampling
boreholes required that fluid pressures be kept as low as practical, while maintaining
fluid return up the borehole. Drill bits with side discharge, or, in the case of tricone bits,
with bottom deflectors, were required for reaming and advancing the borehole. All
boreholes were advanced 6 inches past the ‘previous SPT interval before pushing shelby
tubes. The drill stem was then tripped out and the bit removed. The Shelby tube head
with a ball check valve was then attached and lowered to the bottom of the borehole.
Borehole depth was checked against the drilled depth and noted. The maximum push
length was marked on the drill stem and the rod hydraulically advanced a full 24 inches
or until 600 psi hydraulic pressure was reached. Once the advance was made, the tube
was allowed to sit for a minimum of 5 minutes. When ready to retrieve the sample, the
drill string was rotated about 90 degrees to shear the sample off the surrounding soil.

When each sample was brought out of the borehole, the bottom and top were capped
with plastic slip-on caps. If a gap was noted between the bottom tube edge and sample,
a tiller material was placed in the gap prior to placing the cap. Details of final sample
preparation are provided in a following Section 3.5.

Direct Push (CPT) Samples

Direct push samples were acquired”adjacent to borehole HTEF-C9 in an interval where a
softer zone was noted. This procedure involves using a typical CPT-rig to hydraulically
push a cone to the target sample depth. Once the target depth is reached, a retrieval
tool on a wire cable is lowered down the push rod and the tip is released. The cable is
then used to hold the tip in place as the sampler is advanced. The CPT sampler is
capable of acquiring a 44 inches long by 1.4-inch diameter continuous sample. The
cutting shoe on the leading edge of the sampler cuts the soil which passes into the
barrel. An inner liner Consisting.of stainless steel, brass or clear high density plastic is
used to capture the sample. These samples were handled and transported in the same
manner as shelby tube samples.

12
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3.3.4

3.4

3.5

Piezocone Penetration Soundings.
CPTU soundings, including seismic (SCPTU), were performed in accordance with
WSRC E9 SGS-GT-211 (Ref. 1.8). The CPTU was used to provide a continuous soil
profile, which is important when defining the extent of soft and/or loose soil zones. All
but 5 of the 22 soundings included shear wave velocity surveys at 3-foot intervals. Target
depths were based upon the estimated elevation of the top of the Congaree Formation
(average depth is approximately 160 feet). However, actual depths varied, depending
upon ground surface elevations and subsurface conditions.

Borehole and Penetration Abandonment

Abandonment of boreholes and CPT soundings was performed per WSRC Manual 3Q5,
Hydrogeologic Data Collection, Chapters 6,9, and 10 (Ref. 3.1). The standard grout mix
consisted of the following:

●

●

●

●

One sack Type 1 Portland Cement (94 lb sack),

Two pounds of dry sodium bentonite, and

6.5 to 7.5 gallons of potable water.

All boreholes were abandoned immediately upon completion of testing. Grouting

was accomplished via the tremie method. The grout pipe was lowered to the

bottom of the borehole and grout was injected until the borehole fluid was

displaced and grout returned to the surface. All boreholes were grouted to the

surface and topped off until the column remained static.

CPT soundings were abandoned by pressure grouting thorough a push rod which was
re-pushed down to the bottom of the sounding. A grout tube extending to the bottom of
the push rod was used to pump grout into the hole as the push rod was retracted. Holes
were topped off until the column remained static.

Sample Preparation, Handling, Storage, Transportation, and Control

In general, all undisturbed samples were prepared and handled in accordance with
WSRC” E9 SGS-GT-203 - Sample Preparation, Handling and Storage. Shelby tubes
were checked for conformance with ASTM DI 587-83 (Ref. 3.2).

Once shelby tube samples were obtained, the samples were trimmed, measured, and
sealed. Plastic caps were placed over both ends of each tube, then taped and each tube
labeled. These samples were maintained and transported in vertical tube boxes capable
of holding four tubes. For SPT boreholes, a single sample was collected from the
sample spoon. [f a material change occurred within the sample, additional samples were
collected, as appropriate. Samples were placed in 8-ounce glass jars. The tops were
closed tightly, wrapped, sealed with electrical tape, and samples were labeled on the lid.

All soil samples selected for testing were turned over to Law Engineering for transporting
to their laboratory in Atlanta.
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4.0 LABORATORY TESTING

4.1 Methodology

Soil laboratory testing was performed on disturbed and undisturbed samples. Soil
testing included index tests, strength tests, and consolidation tests.

Soils were classified visually according to the Unified Soil Classification System.
Classification was supplemented by Index tests, such as Moisture Content ASTM D
2216-92, Atterberg Limits ASTM D 4318-95, Grain-size Analysis ASTM D 422-63 (1990),
Hydrometer test ASTM D 2217, and Specific Gravity ASTM D 854-92 (Ref. 3.2).

Two types of strength tests were performed: (1) Consolidated Undrained Test (CU) with
Pore Pressure ASTM D 4767-88: In this triaxial shear test, complete consolidation of the
test specimen is permitted under the confining pressure. Then, with the water content
held constant, the specimen is loaded to failure by increasing the deviator stress.
Specimens must as a general rule be completely saturated before application of the
deviator stress; (2) Consolidated Drained Test (CD): In this triaxial shear test, complete
consolidation of the test specimen is permitted under the confining pressure and during
the loading of the specimen to failure by increasing the deviator stress. Consequently,
no excess pore pressure exists at the time of failure.

Consolidation tests were performed in accordance with ASTM 2435-90 (Ref. 3.2). The
consolidation test is a one-dimensional consolidation of soil specimen. In this test, a
laterally confined soil is subjected to successively increased vertical pressure, allowing
free drainage from the top and bottom surface. The results of the test is presented in a
void ratio-pressure curve (E log P curve).

4.2 Laboratory Testing Program

A total of 57 sieve analyses, 50 Atierberg limits, 39 unit weights, 39 moisture contents, 8
strength tests (5 CUS and 3 CDs), and 13 consolidation tests for the project site. were
used to evaluate the engineering properties.

Of the 45 Atterberg limit test samples (excluding the 5 direct push samples),. 3 of the 6
samples in Layer 4A/4, 2 of the 4 samples in Layer 5, 6 of the 7 samples in Layer 6, and
4 of the 9 samples in Layer 7 are found to be non-plastic. Unit weight and moisture
content determinations are from unit weight tests, strength tests, and consolidation tests.
Test results from direct push samples in Layer Z i. e., 6 sieve analysis, 5 Atterberg limits,
and 5 unit weights; are biased toward soft soil and were not used in determining the
engineering properties.

Including the test results for the RTF site, 30 strength and 36 consolidation test results
were used for obtaining the strength and consolidation properties. The number of tests
for each engineering layer used for this investigation are summarized below

14
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rLayer

F=Fill

1

lA/l B

12

E
3

4A14

5

6

+

7

Total

Sieve
Analysis

o

10

6

3

5

6

4

7

16

57

Atterberg Unit Moisture Strength* Consolida
Limit Weight Content Cu I CD tion Test*

o 0 0 1 2 2-

5 1 1 1 0 1

6 4 4 1 1 2

3 Ill 1111 2 I 3 I 7

5 8 8 3 2 5

6 0 0 2 2 0

4 4 4 1 5 5

7 0 0 0 0 1

1411111112!2 I 13

50 39 I 39 13 I 17 I 36

* Including test results from RTF
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5.0 SU~SURFACE CONDITIONS

5.1 Engineering Stratigraphy

The shallow subsurface (surface to about 180 feet deep) has been divided into 7
engineering layers based on interpreted SCPTU measurements and adjacent soil
boreho!e data. Layers were determined from changes in tip resistances, friction ratio,
pore .pressure signatures, sample descriptions and SPT N-values. This approach differs
from the work done for the RTF which divided the subsurface based primarily on
geologic formations. The stratigraphy between RTF and the CLWR-TEF project site was
correlated to provide a basis for utilizing the information available from the RTF
investigation. Subsurface cross-sections (Appendix E) were developed, which extend I
through the RTF area. See Appendix E for cross-section locations. CPT soundings and
boreholes at the RTF were directly correlated with the layers established for the CLWR-
TEF area. The geology of the area was determined from regional type wells and recent
geologic cross-sections (Ref 5.1). Subsurface cross-sections presented in Appendix D
show selected CPT sounding plots with interpreted geology and engineering stratigraphy
applicable to the CLWR-TEF area. The following sections describe the physical
attributes used to delineate each engineering layer, as w,ell as, depositional environment
and lithologic variability.. A brief summary of average SCPTU data, SPT N-values and
laboratory determined properties are also presented in the following sections for the
purpose of describing attributes of these layers. Table 3 provides engineering properties
for each layer. Figure 4 provides the idealized cross-section of the CLWR-TEF site with
sel,ected soil properties. Discussions on engineering properties are presented in Section
6.

5.1.1 A[tamaha (Layer 1)

Layer 1 is most probably the Altamaha Formation consistingof red, purple and brown
well graded sands ranging from fine to gravel size. The depositional environment of
these sediments is characterized as high energy fluvial (Ref. 2.4) such as river and
stream channels and can reach thicknesses of up to 70 feet in parts of the SRS. The
base of the Altamaha is distinguished by an irregular erosional surface therefore, the
presence of rounded gravel is a good contact indicator. The A!tamaha may also contain
weathered feldspar fragments, which are less common in the Tobacco Road formation
(Ref. 2.4). In general, when diagnostic indicators are not present, the contact is
determined based on clay content. The Altamaha is in general more clayey than the
Tobacco Road and often contains massive, oxidized clay beds whereas the Tobacco
Road contains thinner clay layers (Ref. 2.4). The Altamah~obacco Road contact at the
project site was defined at the Iithologic change from a thick, oxidized clay to a clayey
sand near the top of the section. The contact on CPTU logs is indicated by a decrease
in the tip stress and sleeve stress on the cone.

In the project area, this layer ranges in thickness from roughly 11 feet to 27 feet thick.
On the CPTU log this layer is distinguished by a relatively high, irregular tip resistance
and high sleeve resistance. Layer 1 attributes are given below.
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A/g Avg Avg Avg Avg Avg Avg Avg Avg Avg Avg

Layer Thick Top El Bot El q= F. I% v, SPT %0 Uses
(ft) (MSL) (MSL) (tsf) (tsf) (%) (fps) N qJN PI Fines

1 20 289 269 137 3.5 3.2 1,581 35 3.9 23 31 Sc II
5.1.2 Tobacco Road Formation (Layers 1B, 1A, 2 and 3)

The Tobacco Road formation is composed of red, orange, and purple sands to sandy
clays at the project site. These sediments were deposited in low energy shallow marine
transitional environments such as tidal flats. Much of the sediments are laminated or
otherwise bioturbated well graded sands and clayey sands. As previously discussed,
the contact between the Tobacm Road and the overlying Altamaha Formation is diticult
to determine, unless a diagnostic indicator is present.

The upper boundary of the Tobacco Road at the project site was determined to lie at
approximately 269 feet MSL. This elevation was compared to the regional formation
contacts from well P-27, located to the southeast of H-Area. The elevation of the
Tobacco Road at P-27 is approximately 253 feet MSL, based on geophysical well log
mrrelations (Ref. 5.1). The core description for well P-27 shows the presence of a
pebbly sand zone underlain by a clayey sand interval at approximately 261 feet MSL.
The material above and below this interval is fairly consistent, therefore making it difficult
to differentiate the Tobacco Road from the Altamaha. Therefore, the formation contact
for the Tobacco Road at P-27 was determined to lie at approximately 261 feet MSL.

Layers 1B, 1A, 2 and 3 have been used to differentiate the Tobacco Road Formation.
These layers are predominantly sands and clayey sands as determined by laboratory
classification tests. Soils of the Layer 1B are distinguished from the underlying Layer 1A
by lower tip and sleeve resistances. This layer is non-continuous and relatively thin
across the project site. Layer 1A is marked by an increased tip and sleeve resistance.
Layer 2 is distinguished by a further decrease in tip resistances and an increase in
sleeve resistances resulting in a moderate friction ratio. Transition to Layer 3 is noted
primarily as a decrease in sleeve resistance. Attributes for Layers 1B, 1A, 2, and 3 are
listed below

Avg Avg Avg Avg Avg Avg Avg Avg Avg Avg Avg
Layer Thick Top El Bot El q= F. FR v. SPT % Uses

(ft) (MSL) (MSL) (tsf) (tsf) (%) (fps) N qJN PI Fines

1B/lA 7 269 262 109 1.8 1.8 1,290 42 2.6 14 20 SCISM

2 8 262 254 43 1.9 4.7 1,199 20 2.2 23 32 SCISM

3 19 254 234 54 1.2 2.6 1,119 17 3.2 11 16 SMISC
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5.1.3 Dry Branch Formation (Layers 4A, 4,5 and 6)

The Dry Branch Formation appears as a yellow and brown sand to clayey sand, with
white clay laminations and occasional manganese staining. [t is easily distinguished
from the overlying Tobacco Road at the project site by its color. The contact may be
obscured when the Tobacco Road appears as a yellow sand, however, the Tobacco
Road is generally more clayey than the Dry Branch and may exhibit a mottled
appearance, especially near the contact. The contact can also be determined by the
presence of a flat pebble zone, where present, which is an indicator of the Dry
Branch/Tobacco Road contact. The Dry Branch Formation sediments were deposited in
a transitional sequence between near shore and bay or lagoon environments (Ref. 2.4).

The upper boundaty of the Dry Branch at the project site was determined to lie at
approximately 234 feet MSL. This elevation was compared to the regional formation
contacts from well P-27, located to the southeast of H-Area. Geophysical well log
correlations place the elevation of the Dry Branch at approximately 226 feet MSL at
P-27. The core description for this well shows a medium reddish brown with variegated
light yellowish orange clean sand at 234 feet MSL; However, this sample was the only
core recovery within a nine foot interval. The stratigraphic section above the intetval isa
light yellowish and reddish orange sand with 15-20% fines, while the section below the
sample is light yellowish orange sand with less than 10% fines. The similarities between
the sample and the underlying material leads to the determination that the Dry
Branch/Tobacco Road contact lies at approximately 234 feet MSL at P-27.

The Dry Branch/Tobacco Road contact is indicated on the CPTU log by an increase in
the tip resistance and a decrease in the sleeve resistance. Layers 4A, 4, 5 and 6 are
used to subdivide the Dry Branch. Layer 4A is distinguished from the overlying Layer 3
by an increase in tip resistance and a decrease in sleeve resistance. Layer 4A and the
underlying Layer 4 have similar CPTU characteristics. However, the average tip
resistance of 4A is slightly less than Layer 4 tip resistances. Layer 5 is marked by a I
sharp decrease in tip resistances. Sleeve resistances are also markedly lower than
Layer 4; however, pore pressures are significantly higher through this interval. This layer
is considered to be correlative to the “tan clay” which is a regional geologic member of
the Dry Branch. Layer 6 most probably includes the lower sand unit of the Dry Branch
as well as the Tinker Sands. The Dry Branch Formation overlies the Tinker but the
formation contact is very difficult to determine since the grain size distribution and color
of the units are similar however, the Dry Branch appears to bemme coarser grained
and may exhibit mottling and significant manganese staining just above the contact.

The similar Iithology and material characteristics between these units made it difficult to
divide. As seen from the CPTU measurements, Layer 6 has higher tip resistances than
Layer 5 which is indicative of a more sandy layer.
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5.1.4

Layer

4A/4

5

6

Avg
l%ick

(tl)

36

7

28

Avg Avg Avg Avg Avg Avg Avg Avg Avg

Top El Bot El q, Fs FR v. SPT

(MSL) (MSL) (t.+ (tsf) (%) Ups) N qjN PI

234 199 159 0.8 0.6 1,098 39 4.1 11,

199 192 38 0.4 1.2 1i096 16 2.4 20
192 164 166 1.0 0.7 1,148 53 3.1 10

---1--
Avg
0/0 Uses

Fines

12 SP-SM j

Santee/Tinker Formations (Layer 7)

Within the project area, the Tinker Formation overlies the Santee and is described as a
light brown”and reddish brown, very dense, fine to coarse grained, poorly to well graded
sand. The Santee Formation at the project site is composed of light brown, yellow,
green, and white silty to clayey sands. The contact between the Santee and Tinker
formations is primarily determined based on clay content and color at the project site.
The top of the Santee/Tinker formations was determined to be approximately 176 feet
MSL. This elevation was compared to the regional formation contacts from well P-27,
located to the southeast of H-Area. The elevation of the Santee at P-27 is approximately
177 feet MSL, based on geophysical well log interpretation (Ref. 5.1).

The Santee/Tinker Formations represent the most complex geologic unit in the shallow
subsurface of the Savannah River Site. It is depositionally complex and highly variable
in both its Iithology and material properties. The layer consists of complex sequences of
limestones, carbonate muds, carbonate sands, and muddy sands. Within the project
area, little carbonate is noted with the dominant lithology being sands and silty sands.

CPTU logs for the Santee/Tinker contact indicate a sharp decrease in the tip and sleeve
resistances, and an increase on the friction ratio and pore pressures. This is interpreted
as a Iithology change from a dense sand at the base of the Tinker to a clayey sand at the
top of the Santee.

The contact between the Santee/Tinker Formation and the overlying Dry Branch
Formation is generally seen on the CPTU logs as a sharp decrease in the pore pressure
measurement. This layer is characterized by thin, alternating layers of low and high
CPTU tip resistances and friction ratios. Characteristically, CPTU soundings in this layer
show a pronounced sawtooth trace due to large variations in the CPTU tip resistances
over relatively small vertical intervals. This highly variable pattern suggests interfingering
of alternating lenses of clayey and silty sands with more resistant, silica-cemented
sediments and less resistant, calcareous sediments, and appears to be a result of rapid
lateral and vertical changes in the nature of the materials originally deposited in this
interval.

Layer

7

Avg
Thick

(n)-
30

Avg Avg Avg Avg Avg Avg Avg Avg Avg Avg
Top El Bot El qc F. FR v= SPT %0 Uses
(MSL) (MSL) (tsf) (tsf) (%) (fps) N qJN PI Fines

164 134 90 1.9 2.1 1,158 41 2.2 9 21 SMISC I

19



Commercial Light Water Reactor K-ESR-H-00010
Tritium Extraction Facility Rev. 2
Geotechnical Summary Report (U) September 2000

5.1.5

5.2

5.3

War!ey Hill Formation

The Warley Hill exhibits a range of Iithologies across the SRS; however, at the project
site, it primarily appears as a green, gray, and yellow clay to silt with varying amounts of
sand. The formation contact with the overlying Santee Formation is often distinguished
by the presence of a dark grayish green clay to sandy clay informally known as the
‘green clay.’ The Warley Hill/Santee interface is not as striking when the ‘green clay’ is
not present at a given location; however, the contact may be identified by a Iithologic
change from a brown, yellow, or light gray clayey sand to the Warley Hill clay and silt
described above.

CPTU logs at the project site exhibit a moderate decrease in tip stress and sleeve stress,
accompanied by a rise in the friction ratio and a response in the pore pressure at the
Warley Hill/Santee contact. The decrease in tip stress indicates a less dense layer, and
the decrease in sleeve stress is characteristic of a relative decrease in the clay and silt
content of the material. The increase in friction ratio and subsequent rise in the pore
pressure following the contact spike indicate a higher fines composition for the Warley
Hill.

The upper contact of the Warley Hill at the project site was determined to lie at
approximately 134 feet MSL. The contact was identified based upon the stratigraphic
location of the ‘green clay’ interval, where present, within the SPT boreholes. This
elevation was compared to the regional formation contacts from well P-27, located to the
southeast of H-Area. The elevation of the Warley Hill at P-27 is approximately 132 feet
MSL, based on geoph@ical log correlations. Core data obtained for well P-27 mnfirms
the mntact determined from the geophysical logs. The ‘green clay’ interval is described
at approximately 131 feet MSL in well P-27.

Groundwater

The groundwater table elevation is estimated at 252 feet MSL. A seasonal fluctuation of
ground water elevation is estimated to be~ 5 feet. Groundwater elevation was based on
the data from the Savannah River Site’s Groundwater Monitoring Program reports (Ref.
5.2). A groundwater level of elevation 260 feet MSL is recommended for design
purpose.

Soft Zones

Weight of rod and occasional rod drops have been described in numerous drilling reports
for monitoring wells and geotechnical boreholes located in the central part of the SRS.
Early subsurface investigations performed by the USACOE (Ref. 5.3) frequently
described these zones as soft zones, or even voids, and numerous subsequent
subsurface investigations have described these same renditions at the SRS. These soft
zones typically occur in the carbonate-bearing sediments of the Santee Limestone, the I
Utley Limestone and the Griffins Landing Member of the lower Dry Branch Formation.
The prevailing’ assumption about the origin of these soft zones is dissolutioning of
carbonate-rich, elastic sediments, resulting in vugular porosity (open pore space). When
drilling these zones, the drill rod meets little shear resistance and drops (Ref. 5.4).
However, much of the time, recovety of soil in the sampler precludes the zone from
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being characterized as a void. A complete discussion and summary of the origin, extent
and ~tability of soft zones can be found in WSRC-TR-99-4083 (Ref. 5.7).

Soft zone delineation criteria dates back to the K-Area Seismic Investigation (Ref. 5.4)
and is identified by rod drops, loss of drilling fluid, or CPTU tip resistance less than 15
tons per square foot (which is equal to that expected for a normally consolidated medium
plastic clay at depthsof115 to 145 feet below the ground surface). Currently, soft zones
are indicated from SPT N values less than 5 or CPT tip resistances less than 15 tsf over
an interval of two feet or greater. Of the seven boreholes and 18 deep cone soundings I
performed during the geotechnical investigation for the CLWR-TEF, only one SPT
borehole and one CPT sounding indicated soft zones greater than two feet thick. Zones
having low tip resistance or N. value, regardless of thickness, are summarized for all
boreholes and cone soundings as follows:

Top Bottom Thickness

ID No. Elevation Elevation Notes

(feet MSL) (feet MSL) (feet)

“ HTEF-CI 192.14 191.08 1.06 qc<15tsf

HTEF-C2 167.27 166.88 0.39 qc<lstsf

165.43 fi63.9 1.53 qc< 15 tsf

HTEF-C3 148.91 148.68 0.55 qc<15tsf

HTEF-C5 193.83 193.67 0.16 qc<15tsf

160.11 159.32 0.79 qc<15tsf

HTEF-C7 165.37 165.18 0.19 qc<15tsf

HTEF-C9 168.37 167.66 0.71 qc<15tsf

164.59 162.97 1.62 qc<15tsf

HTEF-CIO 148.20 147.29 0.91 qc<lstsf

HTEF-CI 8 166.96 166.23 0.73 qc<15tsf

HTEF-CI 9 164.20 163.97 0.23 qc<15tsf

HTEF-C20 281.57 281.18 0.39 qc<15tsf

HTEF-C21 147.48 144.88 ;:::t;~;qQ;;~;;;; ,. ++.,...-+.m.--2.... - .q:%l!!fsf: :;$::V;; ;,.; ::, :::”,“~

HTEF-C23 222.25 221.40 0.85 qc<15tsf

195.57 194.89 0.68 qc<15tsf

143.99 142.26 1.73 qc<15tsf

HTEF-BI 228.70 227.20 1.50 Blows 4-1-3

150.70 149.20 1.50 Blows 1-O-3

HTEF-B2 168.20 167.70 0.50 BIOWSWFU6”-8-37

148.20 145.20 i:::r.j’~~.ggi$:i:: Bi6K?s-MR13&’:”.’<~!.:-‘.”” ,:.,;:.’;:
. ..... ..+. ., .,-

. )*’. -. $,..- ... .-.-*-..,, ..-,’ >.,’.._-.”.
HTEF-B3 198.60 197.85 0.75 Blows WR/9”-4/3”-6

195.10 194.85 0.25 Blows WR/3”-2/3’’-l-l 5

HTEF-B5 197.60 196.60 1.00 Blows WH/12”-4

Note: Shading indicates zones meeting soft zone criteria.
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From the table above, three distinct horizons are noted. The upper mosthorizon (Tan
Clay~ is enmuntered at approximately Elevation 193 feet MSL and the average thickness
of soft zones in the horizon is about 0.6 feet. The next horizon (Upper Santee) is at
approximately Elevation 165 feet MSL with an average soft zone thickness around 0.7
feet. The lower most horizon (Lower Santee) is noted at approximately Elevation 145
feet MSL with an average thickness of about 1.7 feet. Elevations of these horizons
generally vary within 5 feet. A plot of overconsolidation ratio versus elevation, Figure 5,
for the RTF and CLWR-TEF data confirms these three horizons. The preponderance of
data indicates that the deeper (below 200 feet MSL) subsurface soils are at least
normally consolidated. However, the Lower Santee horizon has been assumed to have
under-consolidated pockets with an OCR of 0.7. Settlement associated with this horizon
is discussed in Section 7.8.

Borehole HTEF-B2 had a 36 inch interval of rod drop at a depth of approximately 144
feet. Confirmatory CPTUS were pushed approximately 20 feet away in three opposing
locations to attempt to delineate the extent of the soft zone (Appendix E). The two
CPTUS to the south (HTEF-C19 and HTEFC-20) showed no indication of soft material
and the CPTU to the north (HTEF-CI 8) enmuntered early refusal within a very stiff layer
in the strata. Two additional CPTUS were pushed at distances of 10 and 30 feet from
HTEF-B2 in the direction of HTEF-C18. The CPTU at a distance of 10 feet (HTEF-C21 )
showed indications of soft material (i.e. tip resistance less than 15 tsf) approximately 2.6
feet thick. The CPTU at 30 feet (HTEF-C22) showed no signs of the soft zone. Based
on these CPTUS, the soft zone is constrained, fairly small in size, and consistent with soft
zones seen at RTF, In-Tank Precipitation Facility (ITP) (Ref. 5.5), and the Actinide
Package and Storage Facility (APSF), i.e., less than about 50 feet wide (Ref. 5.6). In
summary, an isolated soft zone pocket about 40 feet in diameter by 3 feet thick in the
vicinity of HTEF-B2 and HTEF-C21 can be assumed.
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6.0

6.1

6.2

6.2.1

ENGINEERING PROPERTIES

Engineering properties are categorized as static properties
Field and laboratory tests were performed at the project site to

and dynamic properties.
evaluate the properties of

the soils. In additional to the test data obtained from the project site, test results
performed for the RTF project are used to obtain the strength and consolidation
properties (Section 4.2) and previous studies on nonlinear dynamic soil properties are
used for the dynamic shear modulus and damping properties (Section 6.2).
Recommended engineering properties are based on the evaluation of the test results
and engineering judgement.

Section. 6.1 presents the static properties of the soils underlying the project site. Section
6.2 discusses the dynamic properties of these subsurface soils. The engineering
properties for each layer are summarized in Table 3.

Static Properties

Static properties were obtained from field and laboratory tests. In-situ measurements
such as the SCPTU data (tip resistance, shear and compression wave velocities, sleeve
friction, friction ratio, and pore pressure) and SPT N-value were obtained in the field.
Laboratory tests were performed on selected soil samples obtained from the field in
order to determine static properties such as strength and compressibility. Strength and
consolidation test results from the laboratory testing for CLWR-TEF were also combined
with the results from the nearby RTF to determine the properties for design (Ref. 6.1,
6.2).

A key issue is the compressibility of the subsurface soils. Fourteen one-dimensional
laboratory consolidation tests were performed on subsurface soils from the CLWR-TEF
in order to identify the compressibility characteristics of the shallow (c200 feet) clays.
Compression indices from the consolidation tests were compared to initial void ratio,
plasticity index, percent- fines, and moisture content. The data obtained at CLWR-TEF
were superimposed over data previously obtained in the General Separations Area
(GSA) during the H-Tank Farm and F-Area Investigations. Comparison of CLWR-TEF
and existing data (denoted by a “+” on each figure) are shown in Figures 6 through 9.

Dynamic Properties

Shear Modulus and Damping Ratios

Dynamic responses of the soil are governed primarily by the shear modulus and
damping characteristics of the soil. Shear moduli are computed- based on field
measurements and laboratorytests. Field measurements provide the in-situ shear wave
velocities at various depths, and the laboratory tests determine the wet densities of
different types of soils. Reductions of shear moduli and damping ratios due to strain
levels are based on an extensive study of nonlinear dynamic soil properties conducted
previously (Ref. 6.5).
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The shear modulus is defined as the ratio of the shear stress to the shear strain. The
she~r modulus equals its maximum at very low shear strain and decreases when the
shear strain increases. The maximum shear modulus for the soil at a specific depth is
computed as:

GH=pv~2

where p is the mass density of the soil and defined as:

p=ylg

where y is the unit weight of the soil and g is the gravitational acceleration.

Extensive study (Ref. 6.5) performed on soils at SRS has concluded that the ratio of
shear modulus to the maximum shear modulus can be defined as a function of strain:

G/Gm = l/(l+s/Er)

where e is the desired value of shear strain and s, is the reference strain. Table 4
provided the recommended reference strains for various soils at the SRS. Figure 10(a)
shows the plot of recommended G/GH ratio versus strain for the SRS.

Due to the curvilinear stress-strain relationship of the soil, the damping ratio is a function
of the strain. The study referred in the previous section also provides the relationship
between damping ratio and strain. Table 5 provides the recommended damping ratio
versus strain relationship for various soils at SRS. Figure 10(b) shows the plot of
recommended damping ratio versus strain for the SRS.

Strain dependant curves presented in Tables 4 and 5 were developed for the SRS based
on geologic formation, soil type, and depth. The appropriate assignment of these curves
to the shallow stratigraphy of the CLWR-TEF is a factor of many considerations. These
include:

1.

2.

3.

4.

5.

Determining the geologic formational boundaries at the CLWR-TEF and a factor
of confidence in defining these boundaries

The material characteristics of the geologic units based on available classification
data and interpreted CPTU measurements

The comparison of generalized soil type dynamic curves versus geologic
formation based curves

The soil classification of individual samples used within the
applicable to project area stratigraphy.

Past application of the subject curves on other projects

The basis for the assignment of the appropriate dynamic curves
damping) is summarized below

Altamaha (Layer 1)

referenced report as

(shear modulus and

This geologic formation is the shallow most layer and is relatively thin (O to 20 feet thick)
throughout the project area. This layer can be recognized on the CPTU plots as having
both high tip and sleeve measurements. Sieve data on this unit indicatesan SC material
with an average of about 30 percent fines. The Upland curve is assigned to this layer.
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Tobqcco Road (Layers 1B, 1A, 2, and 3)

The Tobacco Road can be divided into as many as 4 layers; however, Layer 1B is
present in only two of the CPTU soundings (HTEF-C2 and HTEF-C3). Friction ratios
through this layer are relatively high (l-6 percent). Sieve data from this interval indicates
predominantly SC material with an average of about 25 percent fines. Individual samples
used to construct the Tobacco Road and Shallow Clay dynamic curves were reviewed
for applicability to this layer. Samples used for the Tobacco Road curve mntain a slight
majority of SM material. The number of samples used to construct the Shallow Clay
curve is significantly low and contains only one sample from the Tobacco Road. Based
on this information the Tobacco Road curve was assigned to these layers.

Dry Branch and Santee (Layers 4A, 4,5,6, and 7)

The Dry Branch is subdivided into four sublayers. Layers 4A, 4, and 6 are distinguished
by high tip resistances and low pore pressures indicative of more sandy material. The
geologic formational boundary between the Dry Branch and Santee is within Layer 6;
however, the engineering soil characteristics do not warrant subdividing this layer. Layer
5 is distinguished by low tip resistances, relatively high friction ratios and pore pressures,
and more indicative of clayey materials. Average fines content of this layer is about 30
percent. Based on this information, the dynamic curves for the Dry Branch/Santee
Sands were assigned to layers 4A, 4, 6, and 7. The dynamic curves for shallow clays
were assigned to Layer 5.

In summary, the assignment of dynamic curves (shear modulus and damping) generally
follows the geologic formations. The only exception is the Tan Clay sublayer of the Dry
Branch Formation (Layer 5) which is considered to be a relatively thick (about 5 feet)
nearly continuous layer throughout project area. The assignment of curves to the
engineering stratigraphic layers are summarized as follows:

Engineering Layer Dynamic Curve

1 Lhiand
,--

1BIIA I Tobacm Road I,
3 I Tobacco Road II

I 4/4/4 Drv Branch/Santee I
t

I .

5 Shallow Clav I.

6 Dry Branch/Santee

7 Dry Branch/Santee

6.2.2 Shear Wave Velocities

Shear wave velocities are measured at each SCPTU. Travel times for the shear waves
at different depths between two points are remrded. The shear wave velocity v. can I
then computed by

v.= distance between the two locations /the travel time for the shear wave.
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However, using uninterpreted SCPTU data can give anomalous results as the shear
wave travel path is not constrained. For SRS projects, the SCPTU shear wave arrival
times are picked and shear wave velocities over larger intervals are interpreted by ARA
(see Appendix A). By averaging the wave velocities at selected depth intervals
corresponding to the engineering layers identified on the SCPTU logs, average shear
wave velocities for each engineering layer was determined (Ref. 6.6). Table 3 contains
shear wave velocity for each engineering layer, which compares favorably with crosshole
and downhole measurements at RTF (Ref. 1.6).

6.3 Soil Resistivity

Soil resistivity has been measured in the vicinity of the diesel generator building,
electrical substation and in the vicinity of the exhaust stack. Appendix F contains the soil
resistivity test results. In addition, soil resistivity was measured along with CPTU
sounding HTEF-C24. The CPTU soil resistivity results are presented in Appendix A
along with the other CPTU data.
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7.0 ENGINEERING EVALUATIONS

7.1 Bearing Capacity and Static Settlement

For satisfactory performance, a good foundation for any structure must consider four
separate criteria. First, it must have an acceptable factor of safety against a bearing
capacity failure in the foundation soils under the maximum design load. Second,
settlement (both differential and total) during the life of the facility must not be of a
magnitude that will cause structural or architectural damage, endanger piping
connections, or impair the operational efficiency of the facility. Third, environmental and
other factors such as shrinking and swelling soils, earthquakes and vibrations, ground
water, underground defects, and adjacent structures must be considered. Fourth, the
selection of the foundation to satisfy the above three criteria must be emnomically
feasible in relation to its function and the overall cost of the facility. Selection of the
foundation type to satisfy these criteria depends on the nature and magnitude of dead
and live loads, the base area of the structure, soil conditions, settlement tolerances, and
any serviceability requirements. Where more than one foundation type satisfies the
criteria, then scheduling, material availability, or local practice may govern the final
selection.

For the proposed facilities, the subsurface conditions indicate that all of the structures
can be placed on shallow footings and mat foundations. The limiting criteria will be the
tolerable settlement each structure can accommodate.

7.1.1 Computation of Bearing Capacity and Static Settlement

The general Tetzaghi static bearing capacity formula for continuous and square footings
was used to estimate the allowable bearing capacities (Ref. 7.1). These formulas
require an effective friction angle ($’), unit weight of upper soil layers, and width of the
foundation systems. Soil properties from Table 3 were used to determine the bearing
capacities. The allowable bearing pressure for each facility was calculated at 1.5 feet of I
embedment in native or structural fill soils for a settlement of one inch. Foundation
elevation of each facility, except for RHB, is assumed to be the same as the TPB.
Bearing capacities were calculated using a safety factor of 3 against ultimate bearing
failure.

Static settlement was calculated based on one dimensional consolidation theory with
Boussinesq stress distribution to determine stress increase due to foundation loading
(Ref. 7.2) and the effect of adjacent structures. The properties used for the analysis are
given in Table 3.

Under each proposed structure, settlement of subsurface soil layers was calculated to
the top of layer 4A or to twice the width of the building structure, whichever is deeper.
The differential settlement is assumed to be one half of the total settlement. Except for
the RHB, the foundation elevation of each facility is assumed to be the same as the TPB.
The calculation considers the influence of the foundation type and cross-section profile of
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7.1.2

sublayers under each structure. The allowable beafing pressure for one inch of static
settl~-ment is summarized in the following table:

Assumed Allowable

Facility Dimension Bearing Pressure

(feet x feet) (psf)

Main Building 124 X 225 1,000

Cooling Towers 6x6 4,000
H & V Supply Air Platform 8-6.5x5 5,000
Gas Cylinder Storage Shed 16X18 2,700

Chiller Building 6x6 5,000
Exhaust Stack 27X 27 2,000
Electrical Substation 40x50 2,500

Diesel Generator Building 28X 35 2,000
Fire Protection Valve House Ioxlo 4,000
Liquid Nitrogen Tanks 19X33 2,000

The Product Transfer Trench (PTT) is a buried structure 3 feet wide and approximately
350 feet long. Since the PIT till replace soil, the net loading is expected to be minimal.
Design of the PIT will be controlled by differential settlement discussed in Sections 7.4
and 8.1.2.

Note, Corridor No. 116 and the Remote Handling Building will be discussed separately in
Section 7.1.2.

For wind, seismic, and other forms of temporary or intermittent loading, the allowable

I

I

I

. I

bearing pressure may be increased by one third from the allowable static bearing
pressure (Ref. 6.3). I

Remote Handling Building

For the Remote Handling Building, the bottom of the foundation slab is approximately 31
feet below existing grade. The current assumed gross load of the RHB is equivalent to
the load of the excavated soil; i.e., the net load on the subsurface foundation soil is near !
zero. Thus, the static virgin settlement will be near zero. However, stress relief due to -
the excavated soils will occur and was considered in the settlement evaluation. Soils
subject to stress relief elastically rebound causing subsurface layers to expand (heave)
in an upward direction. The amount of upward (heave) movement of the soils was
calculated at 3 to 4 inches using the rebound portion of the e-log p curve from the
consolidation test results (C,). However, the heave estimate has been revised using field
performance data collected from the APSF excavation (Ref. 7.21). Heave is now
estimated at Z to 2 inches. Stress relief and subsequent heave will occur as the
foundation soils are unloaded.
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As construction proceeds and the foundation is loaded, the subsurface soil layers will
recompress, and settlement takes place. Since the weight of the RHB is approximately
equal to the weight of the soil removed, the amount of settlement (remmpression) is
approximately equal to the upward movement (heave) of the soil. The amount of upward
movement depends on the overall construction schedule i.e., the duration of the
excavation and the duration of building construction. A larger recompression will be
expected if the duration between the beginning of the excavation to the completion of the
facility is longer. However, the amount of the recompression should not exceed the
maximum amount of the upward movement (heave). Since the amount of the heave is
difficult to predict both in terms of the magnitude and time, it is recommended that the
amount of heave and settlement be measured (see Section 8.3).

Corridor No. 116 is now contained within the RHB footprint and is supported by the RHB
foundation. Corridor 116 is connected to the Main Building. Therefore, the settlement of
Corridor No. 116 will be influenced by the settlement of the Main Building and RHB.
Corridor 116 should be constructed and allowed to settle independent of the Main
Building. Differential settlement can be minimized by delaying the corridor 116 to Main
Building connection as long as is practical.

The southern section of the Main Building is constructed on structural fill, which is
backfilled on a slope excavated for the construction of the RHB. The fill daylights
approximately 20 feet under the building slab. However, the entire building area is
underlain by on-site fill that will be removed to a depth of 4 to 6 feet below foundation.
Therefore, the building will be constructed on uniform layer of compacted fill. In all other
building areas the thickness of structural fill recommended to be placed under each
structure is considered in the settlement calculation.

7.2 Slope Stability

During construction of the Remote Handling Building, a temporaty cut slope will be
established on all sides except to the west where the slope gently tapers off to grade for
vehicle access. The maximum depth of the cut slope will be approximately 31 feet deep.
Slope stability analyses were performed on typical 1-1/2 horizontal to 1 vertical and 2
horizontal to 1 vertical cut slopes using effective stress soil properties for layer lA/1 B.
Based on the Bishop method (Reference 7.3) and an effective stress friction angle of 33
degrees and an effective stress cohesion of 100 psf, safety factors of 1.5 and 1.9 were
mmputed for 1-1/2 horizontal to 1 vertical and 2 horizontal to 1 vertical slopes,
respectively. The analyses did not consider any loading due to instruction surcharge
and any dynamic loading.

7.3 Lateral Earth Pressure

Underground facilities shall be designed to resist the lateral earth pressure. Lateral
pressure shall include the static soil lateral pressure, hydrostatic pressure, surcharge
load, equipment load during backfN, and seismic load.

.-.
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The ~emmmended coetlicients of lateral earth pressure areas follows.

Effective At-rest Active Passive

Friction Earth Earth Earth

Soil Type Angle Pressure Pressure Pressure

o’ Coefficient Coefficient Coefficient

(degrees) K K= K.

Compacted Fill 35 0.43 0.27 —..

On-Site Native Soils 33 0.46 0.29 3.40 1

3.70 I

Hydrostatic pressure shall be computed by considering the ground water elevation at
260 feet MSL. Static earth and permanent surcharge load should be based on the
structural design criteria and the at-rest earth pressure coellicient. The effect of
compaction equipment load on the walls of the RHB was calculated using the method
proposed by Duncan, et. al. (Refs. 7.4 and 7.22). The design lateral soil pressure
distribution, including the effects of compaction, is provided in the following table. Also
included in the table is hydrostatic pressure assuming water table at 29 feet below
ground surface (elev. 260 ft msl). The lateral earth pressures and hydrostatic pressure
are also shown on Figure 20. Note that for the upper 21 feet pressure due to
compaction controls. From 20.7 to 29.0 feet (i.e., above the water table) the at rest (&)
earth pressure controls. Below the water table the effective stress is reduced, but water
pressure must be added. For example, at 50 feet the lateral pressure would be 3416
psf, where 2106 psf is due to static soil lateral pressure and 1310 psf is due to
hydrostatic pressure.

Lateral Hydrostatic
Depth Soil Pressure Pressure

(feet) (psf) (psf)

o 0 0

2 598 0

4 700 0

8 804 0

16 993 0

20.7 1105 0

29 1546 0

50 2106 1310 (,)

(1) Depth belowwater (21 feet) times unitweight of water (62.4 pcf).

The previous table does not include other loading due to construction or operational
surcharge, future increased fill or seismic loading. The seismic lateral pressure should
be computed using ASCE 4-86 (Ref. 7.5) or equivalent.

,
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,, 7.4 Modulus of Subgrade Reaction..!

The SCPTU tip resistance and SPT N values at the proposed site indicate that the
relative density of soils in the zone of influence fall in the medium density range.
Therefore, k, ranges between 120 and 600 kcf (Ref. 7.6). For this site a reasonable
mid-range value for kl would be 300 kcf.

The modulus of subgrade reaction is calculated for a specific foundation using the
following formula:

~ = k, [(B+l)/2B]2

where k.= modulus of subgrade reaction for a foundation

k,= coefficient of subgrade reaction for 1 foot by 1 foot plate

B = foundation width

The following table provides a range of modulus of subgrade reaction values (~) for
medium dense sand for various foundation widths, and for k, values of 120, 300, and
600 kcf. [t is recommended that a range of values be used to test the sensitivity of the
design.

Foundation Width Modulus of Subgrade Reaction (kiphl?)
(feet) k1=120 kip/ti kl=300 kip/ff k1=600 kip/ft?

6 41 102 204

8 38 95 190

‘lo 36 91 182

20 33 83 165

25 32 81 162

50 31 78 156

75 31 77 154

100 31 77 153

125 30 .76 152

Due to the sensitive nature of the RHB and PTT with regard to differential settlement,
additional analysis has been performed to provide ~ specific to these structures (Refs~
7.23 and 7.24). The recommended ~ for the RHB and PTT is presented in the following
table. It is recommended that the full range of values be used to test the sensitivity of the
design.

Structure Specific Modulus of Subgrade Reaction (I&)

Structure Minimum (kip/ti) Maximum (kip/ff)

Remote Handling Building 20 40

Product Transfer Trench 70 (1) 220(,)

(1) Basedonwidthof3 feetandk, rangeof 160to500 (Idph?).ShoulddesignwidthchangeIGshouldbeadjusted.
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7.5

7.6

7.6.1

7.6.2

7.7

7.7.1

Secpndary Settlement

Site experience in H- and S-Areas indicates that the rate of secondary consolidation for
the site is small, on the order of 0.3 inch over 30 years, for structural loading in the range
of 3 to 6 ksf (Ref. 5.5). It is expected that this settlement will be uniform and not
contribute to any differential settlement.

Seismic Design Criteria

Design Response Spectra

In March of 1997 the Site Geotechnical Services Department (SGS) issued “committed”
SRS site-wide design response spectra (Ref. 2.11). In order for the spectra to be used
as “confirmed”, SGS must review the stratigraphic conditions at the facility or site being
considered for seismic evaluation. SGS has examined the stratigraphic conditions for
the project site to validate the suitability of the site-wide PC3 response spectra (Ref.
2.17). There are no topographic or subsurface features that could significantly alter
ground motion over the modeled cases. The soil column thicknesses and bedrock type
match ranges used in developing the design spectra. The velocity profiles measured at
the project site are within the variances used in developing the design spectra, and the
formations at the project site are reasonably close to the basecase formations used to
develop the design spectra. Thus, the use of the site wide PC3 surface response
spectrum (Figure 3) is justified.

It should be noted that the PC3 design spectrum is intended for simple response
analysis. It is not appropriate for soil-structure interaction analysis. In addition the PC3
design spectrum represents a surface response and is not representative of an
embedded response.

Soil Property Type

For Building code design, the soil profile type for the proposed site based on UBC (Ref.
6.3) is classified as SD. The soil profile type based on SBC (Ref. 6.4) is classified as S~.

Liquefaction and Dynamic Settlement

Liquefaction for the project site was evaluated both quantitatively and qualitatively. The
quantitative method evaluating liquefaction settlement uses a cyclic stress approach and
shear strain approach depending on the formation being analyzed. The qualitative
evaluations include the Chinese Criteria for Clayey Soils and three empirical shear wave
velocity approaches.

Quantitative Evaluations

The liquefaction potential and resulting dynamic settlement was evaluated quantitatively
using existing SRS methodology. That methodology being:

. For PC3 facilities, develop two bedrock time histories. A mean-based spectrum
that has an annual probability of exceedance of 5 x 104 and a deterministic
ground motion check. The two time histories used for the CLWR-TEF analysis
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.! - were a PC3 (random phase) and a Charleston 50~ percentile (random phase),
documented in Ref. 7.7.

● Choose a ‘Best Estimate” deep soil profile or use the nearest deep hole data, if
available, for the deep (greater than about 150 feet deep) soil profile. For CLWR-
TEF the shear wave velocities and Iithologies for the deep geologic profile are
from borehole MMP-2A-SB, located on the southwest side of H-Area (Ref. 7.8
and 7.9).

. Use the site-specific SCPTU soundings for the shallow (less than about 150 feet
deep) soil profile. The shallow geologic profile for dynamic soil response analysis
at the project site was developed using shallow stratigraphic picks and shear
wave velocities from Ref. 6.1 and Appendix A.

. Convolve each of the time histories from the top of rock through the deep and
shallow soil profiles to the ground surface using SHAKE91 (Ref. 7.12). This
results in stresses and strains throughout the soil column. For CLWR-TEF there
are 28 SHAKE runs (2 time histories through 1 deep soil profile combined with 14
shallow soil profiles).

. For the soils below the water table but above the Santee formation, compare the
induced stresses with the soil strength derived from the SRS site-specific shallow
soil strength curves and compute the factor of safety against liquefaction.

. For the soils below the water table but above the Santee formation, use the site-
specific relationship between liquefaction factor of safety and volumetric strain to
compute dynamic settlement.

. For the Santee formation soils below the water table use the shear strain from
SHAKE and Santee pore pressure ratio relationship to compute dynamic
settlement.

. It is assumed that there is no dynamic settlement contribution for the soils below
the Santee formation nor for soils above the water table.

The details of how this methodology was applied to CLWR-TEF are discussed in the
remainder of this section.

For the sediments below the water table but above the. Santee formation liquefaction
settlement is calculated using a cyclic stress approach. Because of the depth of the
Santee formation, the shear strain levels just approach the threshold required to
generate excess pore pressure. Therefore, the shear strain methodology is used to
compute settlement in the Santee due to partial liquefaction. Dynamic settlement of
unsaturated (i.e., above the water table) sands was ignored, because of their small
contribution to the total dynamic settlement.

At the SRS an extensive laboratory testing program has been implemented to determine
site-specific dynamic strength and dynamic settlement characteristics of SRS soils. The
site-specific relationships and their use in determining dynamic settlement are discussed
below.

The cyclic stress approach used to evaluate the sediments between the water table and
the Santee formation uses normalized tip stress (qC)l and friction ratio to determine cyclic
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stress ratio causing liquefaction (CSR~) (see Figure 11). The CSR~ is then multiplied by
factors that correct for effective confining pressure (L) and earthquake magnitude
scaling factor (MSF). A site-specific K relationship presented in Figure 12 (Ref. 7.1O) is
used to correct for effective confining pressure as opposed to correction straight from the
literature. The magnitude scaling factors for the PC3 and the Charleston 50ti
eafihquakes are 1.9 and 1.1, respectively (Ref. 7.20). Factor of Safety against
liquefaction (FS) can then be calculated by dividing CSR~by CSR~.

~$ = CSRL“KG .MSF

CSR,

[n addition, site specific volumetric strain curves (see Figure 13) have been developed
specifically for SRS (Ref. 7.10 and 7.11). The volumetric strain curves give volumetric
strain as a function of (qC)land factor of safety against liquefaction.

Extensive studies (Ref. 7.10 and 5.4) have shown that the Santee formation will not
liquefy as a result of the design basis earthquake. However, dynamic settlement may
occur due to partial liquefaction and the dissipation of pore water pressures after a
seismic event. The strain approach used to evaluate the Santee settlement uses the
relationship shown in Figure 14 (Refs. 7.10 and 7.25). The recompression index (C,) I
and initial void ratio (eO)for the Santee are average values for the Santee formation (see
Table 3). The pore water pressure ratio (ru) is obtained using strains in the Santee
formation from the SHAKE analysis and the site-specific ru relationship shown in Figure
15 (Ref. 7.10).

The liquefaction and dynamic settlement analyses using SRS site-specific relationships
suggest that the soil columns beneath the project site are not susceptible to liquefaction
for the mean based (m~=6.1) PC3 earthquake. Settlements for the mean based (m~=6.1)
PC3 earthquake range from about Oto 3/4 inch. Plots summarizing the PC3 liquefaction
analysis, including factor of safety and cumulative settlement are presented in Appendix
D.

Dynamic settlement for the project site, based on the Charleston 50ti percentile
deterministic check, ranges from less than about X inch to 3 inches. Plots summarizing
the Charleston 50m percentile liquefaction analysis are presented in Appendix D. For
more detail regarding the liquefaction and dynamic settlement analysis refer to
References 7.13 and 6.6.

7.7.2 Qualitative Evaluations

The qualitative evaluation included the Chinese Criteria for Clayey Soils (Ref. 7.15 and
7.16), and empirical shear wave velocity approaches developed by Seed et al. (Ref.
7.17), Kayen et al. (Ref. 7.18) and Stokoe et al. (Ref. 7.19).

The Chinese Criteria for Clayey Soils states that clayey soils which satisfy all three
following conditions are vulnerable to liquefaction or serious loss of strength:

1. Laboratory-determined water content (increased by two percent) greater than 90
percent of the laboratory-determined liquid limit (increased by one percent);

2. Liquid limit (increased by one percent) less than 35 percenc and
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3. Clay content (i.e., particles < 0.005 mm) (decreased by five percent) is less than
“ 15 percent.

The test data used to evaluate the project site in conjunction with the Chinese Criteria
are plotted in Figure 16. Only one sample point lies marginally within the test range.

The Seed et al. method relating average shear wave velocity (VS)to CSRL is Presented in

Figure 17. The average VSfor the CLWR-TEF soil layers are presented in Section 5. I
Soil layer five has the lowest average shear wave velocity, VS= 1096 fps, which equates
to a CSRL of 0.345. The SHAKE analysis discussed in Section 7.7.1 had a maximum
CSR~ of 0.12. Based on this method no liquefaction is expected at the project site.

The Kayen et al. method shown in Figure 18 relates normalized shear wave velocity (VS),
to CSRU The lowest normalized shear wave velocity is 243 meters per second, which
equates to a CSR~ greater than 0.3. The SHAKE analysis discussed in Section 7.7.1
had a maximum CSR~ of 0.12. Based on this method no liquefaction is expected at the
project site.

The Stokoe et al. method combines maximum acceleration (a-) and shear wave
velocity to determine the likelihood of liquefaction. The Stokoe et al. chart (Figure 19)
shows that for a VSgreater than 500 fps, the required maximum ground acceleration to
produce liquefaction is about 0.25g. At CLWR-TEF the minimum shear wave velocity
encountered was 770 fps and would require a maximum acceleration much greater than
0.25g. The expected a- is 0.16g. Therefore, based on this method no liquefaction is

— expected at the project site.

In conclusion the qualitative methods for determining the likelihood of liquefaction
indicate that liquefaction will not occur at the project site for PC3 ground motions.

7.8 Soft Zone Settlement

Analyses indicate that the soft zones at CLWR-TEF are similar with respect to
composition and compressibility characteristics as those observed at the ITP in H-Area
(Ref. 5.5) and soft zones recently encountered at the APSF in F-Area (Ref. 5.6).

The ‘current assumptions regarding soft zones at the SRS” are that they are under-
consolidated isolated pockets of soil that are bridged by dense over-consolidated layers
of clayey sand. The loss of strength of such a bridge during the design earthquake
raises the question as to how much settlement will be observed at the surface when the
full weight of the overburden load bears on these pockets. Two key components are
necessary to estimate the settlement at the surface; (a) the Impression of the soft zone
at depth, and (b) the propagation of that compression through the -soil column to the
surface.

The compression of the soft zone at depth is estimated using the following equation:

S = H CR Log (l/OCR)

Where S is the settlement in inches, H is the thickness of the soft zone in inches, CR is
the compression ratio of the soft zone, and OCR is the over-consolidation ratio of the. soft

-. zone. At ITP and APSF, conservative estimates of CR and OCR of 0.24 and 0.7,
respectively, were used. At CLWR-TEF, CR and OCR of 0.24 and 0.7, respectively, are
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also used. Using these conservative values and a thickness of 3 feet as observed in
HTE%-C21 and HTEF-B2, a compression of 1.3 inches is calculated for the soft zone at
depth.

FLAC (Ref. 7.14) analyses have been performed at APSF and ITP to propagate the
effects of such a collapse to the surface through the soil column. The ratio of the
settlement seen at the surface to the soft zone compression at depth in the APSF and
ITP analyses ranges from approximately 0.5 to 1.0. Using an average ratio of 0.75, the
settlement observed at the surface at CLWR-TEF in the soft location will be less than
one inch. For the purpose of design, it is recommended that a soft zone total settlement
of one inch and a soft zone differential settlement of one half inch be used.

7.9 Total and Differential Settlement

Settlement of the facilities will have four components; static, long-term semndary
consolidation, partial liquefaction, and any effect from soft zones at depth. Each of these
mmponents has been presented and discussed previously. Recommended design
settlements are summarized below for each of the facilities:
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Recommended Design Settlement I

Facility Static

t
Main Buildina 1

+

H & V Supply Air 1
Platform

Gas Cylinder 1
Storage Shed

Chiller Building 1

Exhaust Stack 1

Electrical 1
Substation

Diesel Generator 1
Building

Diesel Generator 1
Building I

Fire Protection 1
Valve House

Liquid Nitrogen II

Partial soft Seconda~ Total Differential
Liquefaction‘3) zone consolidation

(4)

1-3 0 % 2Y2-4% 11A-2’!

%-1 1 % 21%-41A 1’%- 2’%

I
4/2- 1 0 % 2–2?4 1–1%

%-1 o % 2–2% 1–1%

%-1 o % 2–2X 1-1?4

%-1 o % 2-2% 1-1%

%-1 o %’ 2 -“2% 1–1%

%-1 o % 2-2% 1-1?4

z-l o % 2–2% 1-1%

z-l o ?4 2-2% 1–1%

I I I t
%-1 o % I

2-2% 1–1?4
Tanks

Product Transfer o–1 0-3 0 0-?4 o-4 0–4(5)
Trench (PIT)

Corridor No. 116 seenote(G)

(1)

(2)

(3)

(4)

(5)

(6)

Recompressionsefflement,shouldoccur duringconstructionor soon thereafter. The expected
sefflement duringfacilityoperationis YZinch and post seismicsefflement should be IYz to 2 inches.

The partial liquefactionsefflementrange for all 20 CPTUlocationsanalyzedfor the TEF site is Oto 3
inches (see Appendix D page D45). Of the 20 CPTU locationsanalyzed, 8 are associated with the
RHB. These 8 CPTU locationshave partial liquefactionsefflement ran9in9 from ~Zto 1~4inch, with an .
average of 1 inch. This formsthe basisfor theRHB design sefflement.

It was assumed that all liquefactionand partiallyliquefactionsefflementwithinthe Tobacco Road and
Dry Branch Formationsis cumulativeand propagatesto groundsurface. Using conservative upper
bound strainsthe Santee Formationcompressesless than X inch due to dissipationof pore pressure.
Santee contributionto partial liquefactionsefflement is considered negligible.

Differential sefflement is % total settlementand is expected to distibute over tie minimumbuilding
dimension or between adjacent columns.

Differential sefflementfor the PIT is a unique case with additionalconsiderations. Refer to Sections
7.4 and 8.1.2 for discussionof PTT differentialsettlement.

Sefflement of CorridorNo. 116 will be influencedby sefflement of the Main Buildingand the RHB. The
constructionsequence and timingof rigidconnectionswill influencesefflement of CorridorNo. 116.
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8.0 DESIGN AND CONSTRUCTION

8.1 Site Preparation

Prior to grading, existing above-ground and underground facilities shall be demolished
and removed. Existing facilities may include, but are not limited to foundations, concrete,
tanks, machinery, equipment, pavements, utility lines and storm inlets. Excavation made
by the removal of existing facilities shall be properly backfilled in accordance with
requirements for engineered fill provided in Section 8.2. Any soil exposed by the
demolition operations, which are deemed sofi or unsuitable shall be excavated and
replaced with engineered fill.

Prior to construction, any loose material, vegetation, debris, and topsoil in the unpaved
areas and foundation material underlying the pavement shall be removed to the original
ground surface. Vegetated surface of sites shall be stripped to remove all existing
vegetation and topsoil. [t is estimated that stripping depths of 8 to 10 inches may be
necessa~. Stripped materials from the site may not be used as engineered fill but may
be stockpiled and used for landscaping purposes.

The final excavation surface shall be made using smooth blade equipment. The bearing
surface for footings, grade beams, floor slabs, and other load carrying foundations shall
be undisturbed naturally deposited soil or compacted structural fill. The depth of the
removed soils should be observed in the field by a geotechnical engineer. Subgrade for
fills supporting loaded areas shall be proof-rolled in the presence of a geotechnical
engineer to identify any loose or soft zones. All areas that “pump” or appear to be soft
shall be removed to a depth approved by the Geotechnical Engineer and replaced by
structural fill.

In the event that substandard materials are encountered at the instruction elevation,
they shall be removed. Where excavation is performed to elevations below those shown
on the design drawings, the planned elevation shall be re-established by backfilling and
compacting with structural fill.

Based on existing data, the depth of the on-site fill may range from 2 to 8 feet below
existing grade. The on-site fill is unsuitable to support the proposed structures. The on-
site fill soils should be removed and be recompacted as structural fill, then new structural
fill should be placed to achieve proposed pad elevation. The grading work at each
structure location is estimated in the following @ble:
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Depth of Soil to be Distance Beyond Facility

Facility Removed and Compacted Limits to Remove

under Facility and Compact Soil

(feet) (feet)

Main Building 3 5

Remote Handling Building o 0

Corridor No. 116 0 3

Coolinq Towers I 4 I 3 I
H & V Supply Air Platiorm 8 0

Gas Cylinder Storage Shed 3 3

Chiller Building 4 3

Exhaust Stack 8 3

Electrical Substation 4 3

Diesel Generator Building 4 3

Fire Protection Valve House 6 3

Liquid Nitrogen Tanks 2 3

Bearing surfaces shall be protected from weather to prevent deterioration or softening.
Water shall not be permitted to accumulate in excavations. Care shall be exercised in
making sure that existing buried structures and underground utilities are removed within
the facility areas.

On-site soils that are free of organic material and debris and meet criteria specified in
Section 8.2 may be used as engineered fill. Engineered fill shall be placed and
compacted as described in Section 8.2. If construction takes place during winter
months, care shall be exercised to prevent construction on frozen soils. Final grading
shall promote drainage away from the building foundations to prevent the accumulation
of water during heavy rainfall, as well as to reduce any possible frost action in the natural
on-site soils. In addition, fill materials shall not contain snow or ice or be placed in a
frozen condition (Ref. 8.1).

Additional site preparation remmmendations can be found in Sections 5.2 and 5.3 of the
SRS Engineering Practices Manual, WSRC-IM-95-58, Guide No. 02224-G, Rev. 1 (Ref.
8.1).

8.1.1 Excavation of the Remote Handling Building (RHB)

Excavation of the remote handling area should be initiated by excavating cut slopes in
sequence from top to bottom at a slope no steeper than 1-1/2 horizontal to 1 vertical with
a 10 feet wide bench at the slope mid-height. Wheel tractor-scrapers can be used to
haul excavated soils. The outer edge of the slope should be elevated to establish a
berm to prevent runoff water on the slope. Once 1-1/2 horizontal to 1 vertical slope is
achieved, it is recommended that slope surfaces should be thoroughly bankrolled and
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sloughs should be repaired immediately. A set back 10 feet should be established on
top of the slope to prevent temporary surcharge load near the top of the slope.

At the top of the slope and on the slope bench, a temporary V-ditch should be
established and routed to a lower water disposal point. Similarly, water should be
channeled out at the slope toes to a lower point where a sump-pump system can
dispose the water to existing storm drains.

As a precaution measure, plastic sheeting should be readily available or kept on hand, to
protect all slope areas from saturation by periods of heavy or prolonged rainfall. If slope
failures occur, the Site Geotechnical Services (SGS) technical representative should be
contacted for a field review of site conditions and development of recommendations for
evaluation and repair.

As excavation progresses, a total of upward movement (heave) of up to 2 inches is
expected to gradually occur as discussed in Section 7.1.2. Precise grading prior to
placing the foundation will bring the grade to proposed elevation. The majority of the
settlement due to building static load is expected to take place during building
construction.

8.1.2 Product Transfer Trench

The portion of the Product Transfer Trench below the foundation of Building 264-H
should be backfilled with structural fill. The casing of the trench should be designed to
withstand the load due to Building 264-H.

Static differential settlement of 1 inch is expected for the PIT as it exits from beneath
Building 264-H due to settlement of Building 264-H (Ref. 7.24). For design,” the 1 inch
forced settlement should be used in conjunction with the modulus of subgrade reaction
(see Section 7.4).

There are no specific boring or CPTU locations along the PTT. Therefore, the worst
case dynamic differential settlement of 3 inches was assumed to occur, based on
variation across the CLWR-TEF site. The worst case dynamic differential settlement
would result in a surface depression in the shape of an inverted Gaussian distribution
(Ref. 8.3) with a maximum surface settlement of 3 inches at the midpoint of the
distribution curve, an inflection point at 37 feet from the midpoint, and settlement equal to
5?.40of the maximum (i.e., 5% of 3 inch) at 91 feet from the midpoint (Ref.7.24). [t is
remmmended that the PIT be designed for this distribution. It is important to note that
the Gaussian surface deformation described herein is for a free field case and does not
include static differential settlement or any affect of soil-structure interaction. The
deformation of a structure under which this settlement occurs depends upon the stiffness
of the structure and the soil.

The portion of the Product Transfer Trench crossing the existing road should be
backfilled with mmpacted structural fill to at least 5 feet on each side of the trench to
spread the load beyond the trench section. The casing should be designed to withstand
the traffic load o,nthe road.
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8.2 Compaction and Fill

Engineered fill includes structural fill and common fill. Structural fill is defined as any
backfill under slabs, footings, and pavements and around structures. It shall consist of
sands and silty sands free of organic material, loam, debris, ice or frozen soil and have a
plasticity index less than 15 percent. Structural fill shall meet the following gradation
requirements as specified in the engineering guide 02224-G, Rev. 1 (Ref. 8.1).

Sieve Size I Percent Passing by Weight

I No. 20 I 70-95 I
‘No. 40 35-85

No. 60 15-70

No. 140 ] 2-20 I
I No. 200 I 0-15 I

On-site silty and clayey sand, free of organic matter and debris, may be used for
common fill only. Common fill is defined as fill outside of slabs, footings, and pavement
and a minimum of 5 feet away from any below ground structure. Common fill shall meet
the following gradation requirements as specified in the engineering guide 02224-G,
Rev. 1 (Ref. 8.1).

Sieve Size Percent Passing by Weight

3/4 inch 100

3/8 inch 95-100

I No.4 I 85-100 I
No. 10 75-100

No. 20 50-100

No. 40 25-95

I No. 60 I 15-80 I
No. 140 2-30

No. 200 0-25

Fill shall be placed in successive uniform loose layers and to a depth at which
recommended densities can be obtained. However, in no case shall loose fill, placed for
mmpaction, exceed 9 inches when hand-operated mechanical equipment is used and
12 inches when self-propelled or towed mechanical equipment is used. Oversize
material shall be removed from the backfill.
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The -moisture content during compaction shall be within f 3 % of optimum moisture
content determined per ASTM DI 557 (Ref. 3.2). Fill material shall be moisture
conditioned, as far as practical, in the stockpiles or borrow sources. After placement of
loose material in the fill area, the moisture content shall be adjusted as necessaty to
bring the material within required moisture content limits. ASTM D2216, D3017, or
D4643 (Ref. 3.2) shall be used to determine moisture content.

Fill material that is too wet or too dry shall not be compacted until the moisture content is
brought within the specified limits. Fill material that is soft and yielding as a result of
excess water shall be replaced with suitable material or worked and allowed to dry out to
the specified moisture content and recompacted.

Structural fill shall be compacted to a minimum density of 95 % of maximum dry density
determined in accordance with ASTM DI 557 (Ref. 3.2). Common backfill shall be
compacted to a minimum of 90 ?fo of the maximum dry density determined in accordance
with ASTM DI 557 (Ref. 3.2). Field testing shall be performed to verify compliance with
compaction and fill material requirements. Refer to Section 5.11 of the SRS Engineering
Practices Manual, WSRC-IM-95-58, Guide No. 02224-G, (Ref. 8.1).

Additional recommendations regarding placement of fill can be found in Sections 5.5, 5.7
and 5.8 of the SRS Engineering Practices Manual, WSRC4M-95-58, Guide No.
02224-G, (Ref. 8.1).

8.3 Settlement Monitoring

Prior to construction, three heave monitoring points shall be installed in the footprint of
the excavation for the RHB to monitor the heave of the foundation soils during
excavation (unloading). The monitoring points shall be Borros anchors or equivalent,
installed at a depth of 5 feet below the proposed foundation level and shall be capable of
detecting movement to 0.005 foot. Survey readings shall be taken daily during
excavation, recording heave and excavation depth. Once the base mat is poured, these
points shall be transferred to the base mat (should be mordinated with installation of the
settlement monitoring points).

‘Monitoring points shall be installed on the RHB foundation. At least nine monitoring
points shall be installed initially on the mat foundation, as follows:

. One each at the four comers;

. One in the center near the cross wall;

. Two along the east-west sides of the base mat at mid-span;

. One near the center of the cross wall between the Water Cracker and the
Remote Process cell; and

. One near the center of the cross wall between Cask Decon Area and the Cask
Receiving Area.

These monitoring points may be transferred to locations above ground elevation prior to
backfilling around the RHB. However, once the structure is “out of the ground”, it Is
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recommended that the settlement points be transferred near the ground surface for easy
acu~s.

Similarly, a minimum of five settlement monitoring points shall be installed on the
foundation for the TPB (one near each comer and one near the center) and four on the
foundation (one near each corner) of the stack foundation.

Settlement surveying shall be conducted weekly as soon as the monitoring points are
installed, monthly after the placement of the foundation mat, and yearly after the initial
operation of the RHB. For each monitoring reading, estimates of dead and live load shall
also be made for the facility. Field surveyed results shall be transmitted to SGS for
evaluation. Additional guidance and recommendations regarding settlement monitoring
are provided in SRS Engineering Practices Manual, WSRC-IM-95-58, Guide No.
02223-G, (Ref. 8.4). -
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9.0 CONCLUSIONS AND RECOMMENDATIONS

The subsurface conditions are characterized based on boreholes, SCPTUS, CPTUS, and
laboratory testing of samples from this investigation. Subsurface data obtained from
previous investigations are also reviewed and considered. The conclusions of the
investigation are:

1. Grading

●

●

●

●

●

All grading work shall be performed in accordance with Section 8.1, Site
Preparation and Section 8.2, Compaction and Fill. Grading work should be
performed in accordance with the table presented in Section 8.1.

Excavation of the RHB building and subsequent construction should be
accomplished in accordance with the recommendations detailed in Section 8.1.1.

Backfilling recommendations for the Product Transfer Trench should be
accomplished in accordance with recommendations presented in Section 8.1.2.

Utility trenches extending under buildings,traffic areas and walkways should be
backfilled with structuralfill based on recommendations provided in Section 8.2.
Backfill soils should be properly compacted to ensure against water migration
underneath structures.

On-site fill is unsuitableto supportthe proposedfacilities.

2. Foundations

●

●

●

●

●

●

●

●

●

All foundations shall be constructed on undisturbed, naturally-deposited or
properly compacted soils. In some instances this will require significant
excavation of existing poorly compacted fill (see page 39).

Allowable bearing pressure for each structure is sunimarized in Section 7.1. For
temporary dynamic loading these values can be increased by one third.

Estimated total and differential settlements are summarized in Section 7.9

The total static settlement (recompression) of the RHB and Corridor No. 116 is
discussed in Sections 7.1.2 and 7.9

Connections between the RHB and TPB (e.g., Corridor No. 116) should be made
as late as possible in the construction sequence to reduce possible differential
settlement. o

Maximum settlement of Product Transfer Trench may be equivalent to the
settlement of the Tritium Processing Building 264-H. Refer to Section 8.1.2 for
discussion of PIT differential settlement.

Minimum width is 2 feet for both square spread footings and strip footings.

Minimum embedment depth is one and one half foot for all foundations.

Minimum frost depth is 6 inches.
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3. ~loor Slabs and footings

. [n locations where the floor slabs and footings are to be placed, the exposed
undisturbed soil shall be proof-rolled in the presence of a geotechnical engineer
in order to identify any loose or soft areas.

. Floor slabs may be placed on properly-compacted structural fill or on the
undisturbed, naturally-deposited soils. It is recommended that footings bear
directly on undisturbed, naturally deposited soils but may bear on properly-
compacted structural backfill if necessaty. Soft or loose areas shall be removed
and replaced with properly compacted structural backfill.

4. Miscellaneous:

. Structures, equipment, and utility lines shall be designed to accommodate the
expected total and differential settlements as summarized in Section 7.9.

. For the computation of earthquake loading as given in UBC (Ref. 6.3), the soil
profile type shall be SD For the computation of earthquake loading as given in
SBC (Ref. 6.4), the soil profile type shall be S3

. The existing SRS site PC-3 surface response spectra is applicable for the
facilities.

● Liquefaction is not expected to occur, however pockets of partial liquefaction will
cause up to 3 inches of dynamic settlement.

. A ground water elevation of 260 feet MSL shall be considered for the design.

● All asphalt and concrete pavement, foundation material underlying the pavement,
topsoil, and organic material shall be removed within the footprint of the building
so that floor slabs, footings, and underground utility lines may bear directly on
natural soils or structural fills.

. Compaction shall be done using self-propelled compaction equipment, where
possible. In areas sensitive to vibration, small or hand-operated compactor may
be used.

. Lateral earth pressure coefficients for compacted fill are based on internal friction
angle ~ = 35 degrees. See section 7.3 for at-rest, active, and passive earth
pressure coefficients. Compaction against footings or basement walls will cause
an increase in lateral earth pressure. For lateral pressure against RHB due to
compaction see section 7.3. ~

. Vertical subgrade modulus for a 1 foot by 1 foot plate (k,) is in the range of 120 to
600 kcf with the plate bearing directly on the undisturbed, naturally-deposited soil
or properly compacted soils. For on-site soils a reasonable k, value would be
300 kcf. For well compacted soils k, value would be 600 kcf.

. Due to the sensitive nature of the RHB and PIT with regard to differential
settlement, additional analysis has been performed to provide ~ specific to these
structures (see Section 7.4).
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.- Base friction factor (f.) for mass concrete on structural fill is 0.43; for layers 1, and---
1B/lA f, is 0.4.

. Adequate efforts must be made to minimize soil erosion and sediment laden
runoff to the surrounding area. Any increase in stormwater runoff must be
retained and released slowly using sound storrnwater management practices
consistent with federal, state, local, and site practices.

. Heave and settlement monitoring points shall be installed per recommendation
discussed in Section 8.3.

● A geotechnical engineer should observe all excavations to determine:

a. if subsurface conditions revealed are consistent with those discovered
duringthe explorations.

b. Proper bearing stratum is exposed at the proposed foundation excavation
depths. o

c. Foundation excavations are properly prepared, cleaned and dewatered
prior to backfill and concrete placement.

. A geotechnical engineer should oversee placement of structural fill.
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CPTU North East Elevation Depth Date
No. Coordinate Coordinate (feet) MSL (feet) (year)

HTEF-CI 73,548 61,456 280.2 156 1997

HTEF-C2 73,468 61,442 283.3 158 1997

HTEF-C3 73,413 61,488 285.9 160 1997

HTEF-C4 73,264 61,483 288.3 162 1997

HTEF-C5 73,270 61,575 287.8 162 1997

HTEF-C6 73,301 61,736 294.1 171 1997

HTEF-C7 73,390 61,751 291.2 168 1997

HTEF-C8 73,382 61,583 287.4 163 1997

HTEF-C9 73,423 61,670 288.1 163 1997

HTEF-CIO 73,455 61,774 288.5 164 1997

HTEF-C11 73,506 61,573 284.9 159 1997

HTEF-C12 73,541 61,649 288.1 163 1997

HTEF-C13 73,302 61,639 292.1 167 1997

HTEF-C14 73,181 61,916 299.7 35 1997

HTEF-CI 5 73,569 62,248 288.8 35 1997

HTEF-C16 73,480 62,248 288.4 35 1997

HTEF-C17 73,368 61,634 288.7 165 1998

HTEF-CI 8 73,340 61,676 291.9 139 1998

HTEF-C19 73,309 61,691 293.5 151 1998

HTEF-C20 73,312 61,656 292.3 174 1998

HTEF-C21 73,330 61,673 292.2 169 1998

HTEF-C22 73,349 61,674 291.8 167 1998

HTEF-C23 73,400 61,454 285.6 163 2000

HTEF-C24 73,400 61,450 285.6 30 2000

HRTF-I 73,600 62,114 289.9 170 1993

HRTF-3 73,611 62,055 290.2 26 1993

HRTF-4 73,610 61,015 290.2 170 1993

HRTF-6 73,600 61,965 290.7 168 1993

HRTF-7 73,598 61,923 290.6 168 1993

HRTF-9 73,543 61,920 290.0 170 1993

HRTF-10 73,499 61,912 290.5 141 1993

HRTF-I 1 .73*475 61,907 290.1 170 1993

HRTF-13 “73,422 61,921 290.8 168 1993

HRTF-14 73,391 61,902 290.4 167 1993

HRTF-15 73,346 61,903 291.7 172 1993

HRTF-17 73,317 61,959 294.0 170 1993

HRTF-19 73,318 62,019 294.4 170 1993

,

Table 1 SCPTU and CPTU Locations in the Northern Section of the Tritium Area

T-2



Commercial Light Water Reactor K-ESR-H-OOO1O
Tritium Extraction Facility Rev. 2
Geotechnical Summary Report (U) September 2000

-.

Borehole North East Elevation Depth Date

No. Coordinate Coordinate (feet) MSL (Feet) (year)

HTEF-B1 73,331 61,587 287.7 158.5 1998

HTEF-B2 73,320 61,675 292.7 165.5 1998

II 73.431 I 61.670 I 288.1 I 159.5 I 1998 IHTEF-B3 . ,
HTEF-B4 73,400 61,541 286.6 157.8 1998

HTEF-B5 73,467 61,628 287.1 156.0 1998

HTEF-B6 73.305 61.640 291.6 36.0 1998. .. —. —- ._. ——— –.–.

HTEF-B7 73,400 61,535 286.6 100.0 1998

H-101 73.565 61.850 281.3 46.5 1984

H-102 73,565 62,150 278.0 46.5 1984
1

I H-103 73,350 I 61,850 I 292.9 I 51.5 I 1984
1

I H-104 73,350 I 62,150 I 295.7 I 51.5 I 1964

H-113 I 73,443 62,025 289.9 180.3 1984

H-114 I 73.353 I 62,025 I 293.4 I 91.5 I 1984 I

1=H.

H-116

H-117

H-118U

H-I19U

I-115 1— 73.553 I 62,025 I 282.4 I 76.5 I 1984 I

I 73.480 I 62.144 I 289.0 I 21.5 I 1984 I

73.408 I 62.144 I 293.2 I 21.5 I 1984 I

73.325 I 62.088 I 294.3 I 21.5 I 1984 I

I 73.250 I 62,088 I 296.5 i 21.5 ! 1984 i

BI I 73,354 I 61,928 I 291.5 I 198.5 I 1992 I

B2 I 73.588 I 61,928 1 289.3 I 197.9 I 1992 I

~- i 73,588 I 62,121 I 288.5 1 201.3 I 1992 I

rii- I 73,368 I 62,210 I 289.7 I 198.3 I 1992 I

~ I 73.461 ! 62,139 I 291.0 I 198.3 I 1992 I

B5A 73,466 62,139 291.0 131.0 1992

B6 73,344 62,065 293.4 9.0 1992

B6A 73,342 62,032 293.4 199.3 1992

B7 73,461 62,184 290.1 198.4 1992

B8 73,354 61,918 291.4 205.0 1992

B9 73,354 61,908 291.2 205.0 1992

B1O 73,588 62,131 288.4 205.0 1992

Bll 73,588 62,141 288.1 205.0 1992

B12 73,593 62,121 288.8 74.0 1993

B13 73.600 62,020 290.2 161.5 1993

I B13A I 73.600 I 62s010 I 290.2 I 61.5 I 1993 I

I B13B 73,600 62,014 I 290.2 I 67.9 I 1993

B14 I 73,588 I 61,923 289.4 74.5 1993 I
B15 73;466 61,902 290.2 158.5 1993

B16 73,349 61,913 291.7 72.0 1993

B17 73,857 62,063 256.4 37.5 1993

B20 73,857 62,033 256.4 36.2 1993

Table 2 Borehole Locations in the Northern Section of the Tritium Area

T-3

, -,-T.- - 7m. . ... v: >. , . m,,, ., . . .. . . . . . . . . . . . > . . . . ...’... . . . . . . . .Y..z-— —--—-. r- .— - -. -— -



Commercial Light Water Reactor K-ESR-H-00010
Tritium Extraction Facility Rev. 2
Geotechnical Summary Report (U) September 2000

=H=F
2 3 4A&4 5

Upper Lower Upper Tan
Tobacco obacco Dty

Road Road Branch Clay

20 17 37 15

6

Lower
Dty

Branch

7

Santee

48SPT N-value 1- 135143 41

Tip Stress tsf 136 113

Sleeve Frictiontsf - 3.5 1.9

FrictionRatio% 3.2 1.8

Qc/N 3.9 2.6

Water Content Y. 23 17

Wet Density pcf 120 116

441531158143 165 91

1.9 I 1.2 I 0.8 ] 0.4 1.0 1.9

4
2.1

2.2

36

114

37

9

21

4.7 I 3.5 I 0.6 / 1.2 0.7

Zla+
3.5

Liquid Limit% 1- 144134 33

Plastic Index Y. I -122111 23111111120 10

32116112118Fines 940 1- 129120 10

Cohesion psf 1- 10]0 0]010]0

25125131131Frictionangle degree - 31 31

Effective Cohesion; psf o 0 0

Eff FrictionAngle, degree 35 33 33

Void Ratio 0.5302 0.7302 0.6874

Compression Index 0.051 0.162 0.147

27 I

O1o1o1o 0

3
0

32

0.8316

0.188

0.0139=Bl=
33 33 31 31

0.6667 0.7931 - 0.6684

0.213 0.173 - 0.091

0.0117 0.0116 - 0.008C

31

0.7181

0.079

Recompression Index I 0.0063 I 0.0158 10.0156 0.0066

OCR I - I 4-7 I 1-3 1-3 II–2%1 - II-2X 1%-2% 0.7-21

Ka I 0.27 I 0.29 I 0.29 -1-1-1- -1

-1-1-1-I 3.7 ] 3.4 I 3.4 .

31,1501,200 1,120 1,090 1,090

M 0.43 0.46 0.46

kl Note 1 - -

fs 0.43 0.4 0.4

v~, fps 1,580 1,290

.

-.

1,150

Note 1: see Section 7.4

Table 3 Recommended Soil Properties
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Formation Description Reference Strain
&r(’?40)

Stiff Upland Sands 0.021

Tobacco Road and Snapp Sands 0.044

Dry Branch, Santee, Warley Hill, and Congaree Sands 0.077

Four Mile Sands and any other Unrepresented Shallow Sands 0.066

Shallow Clays 0.148

Deep Sands 0.111

Deep Clays 0.230

Table4 Reference Strain

----
f,
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.s’
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Strain I Formation

(%)! A I B I C
0.00001 1.059 0.625 0.825

0.0001 1.059 0.625 0.825

0.0002 1.103 0.647 0.835

0.0003 1.151 0.670 0.846

0.0005 1.248 0.717 0.871

0.001 I 1.493 I 0.835 I 0.936

D E F G
0.674 1.296 0.489 0.992
0.674 1.296 0.489 0.992
0.687 1.292 0.497 0.990
0.702 1.293 0.505 0.991
0.733 1.300 0.524 0.995
0.811 I 1.326 I 0.570 I 1.013

I 0.002 I 1.973 I 1.070 I 1.070 I 0.970 I 1.389 I 0.665 I 1.054 I
I 0.003 I 2.434 I 1.300 I 1.205 I 1.127 I 1.456 I 0.7591 1.097 I

0.005 3.302 1.747 1.470 1.435 1.594 0.945 1.186

0.01 5.201 2.790 2.108 2.171 1.938 1.398 1.410

0.02 8.165 4.605 3.281 3.505 2.603 2.251 1.851

0.03 10.407 6.139 4.336 4.686 3.233 3.039 2.276

0.05 13.639 8.614 6.162 6.692 4.392 4.453 3.080

0.1 18.317 12.799 9.605 10.363 6.820 7.289 4.856

0.2 17.425 13.951 14.825 10.356 11.179 7.671

0.3 16.683 12.884 13.799 9.833

0.5 16.317 17.210 12.995

Formation Description

A.

B.

c.

D.

E.

F.

G.

Stiff Upland Sands

Tobacco Road and Snapp Sands

Dry Branch, Santee, Warley Hill, and Congaree Sands

Four Mile Sands and any other Unrepresented Shallow Sands

Shallow Clays

Deep Sands

Deep Clays

Table 5 Damping Ratio versus Shear Strain
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Figure 1 Savannah River Site Map
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Figure 2 SRS General Stratigraphic Chart
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SRS Design Basis Spectra - Horizontal 5’XODamping
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Figure 3 SRS site-wide design response spectra (Reference 2.17)
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SURFACE

UPPERDRY BRANCH

... .
,,,r .,

,.

I LOWER DRY BRANCH

Avetage Poisson’s Total Shearwave
Layer Elevation unit weight velocity

(feet MSL) ratio (Pm (feetkec)

989 (3.4)
—

1

—

511A
—

2
-

3

—

bV4

—

5
—

6

—

7

—

!69 (2.2)

!62 (2.2)

!54 (2.8)

zj4 (1.8)

199 (2.0

192 (2.2

176 (1.3

164 (2.3

134 (1.[

0.25

v

0.47

120

116

123

118

125 Wesj

122

125 *?

114

1. Numbers shown are average values, for stratigraphyunder specificfacility,
see cross-section

2. Numbers in parentheses are standard deviations
3. Based on RTF data

Figure 4 Idealized cross-section for the CLWR-TEFsite
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Figure 10 Shear modulusreductionand variationof damping ratioswith cyclicstrain amplitude
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Figure 11 Normalized cone tip resistance and friction ratio versus cyti[c stress ratio required
for initial liquefaction (from Reference 7.10) ,.
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Appendix A
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A .0
. . . .
. . .

.A .0
. . .

s: :. . .
A::o

,A;
. .

.A;

. .

A:
. .

:A:
. .

A;
,.

~
,.

+;
. .

A’ “. .
. .

A“. .
. .

0+:
.,
“A “.,
,.
“A “
. .
,.

. .

b
.,

0
. .

. 0:

i
. .

:0 :
,.

Q:
,.

: 0:
. .

:0
.,

:0
. .
,.
. .
. .

0. .

6“.,,.

m

m

m

m

5ZZ2

Zz53

m

izrl

m

2737

m

‘m-z

-73=8

73-07

m

73-07

z
ol-
pul
<W
>tL
lu~

w

2877-

281.i

279.i

278.:

276.:

275Z

273.-

272;

270.’

269;

267.

266.

264.

263.

261.

260

258

257

255

254

k ~ NOTES ON:

z WATER LEVELS,
z

z n DESCRIPTION AND CLASSIFICATION CHARACTER OF
1- a
~ a

DRILLING AND
LABORATORY

n u TESTING

CLAYEY SAND (SCk medum reddsh brown with
oc+sional white mottles medum dense; moist fine to

same as abovq rmce coarse smd

same as abae tine grained

[“/
lo– <.”. same as above

~.
/

same as above very dense tine to medium gmined me Tobacco Road
waterroundedgravel

d.
/

same as above
. .
/

. . SILTYSAND(SM);darkreckve~ dense moist tine to
15– ‘:”‘. mediumgrained

. . . . . CLAYEYSAND(SC);mediumgmywi!hsomered
mottl=, denx danqxmedhm grained

4
/

sameas abcnq withsomesilty sandIayerxmexhumdense,
moisg sngulac wace coarse sand

/
.// same as abov~ fine to medium gmined

same as abov~ denx subangtdar to angular I-r .

- :. “ SILTY SAND (SM) with thin clayey sand interlayers dark
‘. red with medum brown layers medum densq moist

... sameas abovq den% mediumbrown with 1-2 inches of
white, tan and red layers

25- !“ .“ same as akv~ fine grairsd, trace mica

.. .
SANDY SILT (MLk chrk red with lightgrayto white
interiayers verystitl moist =nd *bon is fine gmined
withsomethinsiltysandandclayeysandlenses

/-
same as above,we sandyclay lenses medkrmbrown,
red.

dlum brown with red and

30 whke mottled zons very stiffi moist sand fraction is fine. .
to m~ed
CLAYEY SAND (SCk me&um red and browsu mdlum
denx rnoisc fine to medium grained, no core catcher
r~vew
same as abovw. with light gray zons, roedlum grained,

4“ some lower coasse sand -

/ same as above
.’

r2 1214. .

L . 952 v/1

SS = SPLIT SPOON: ST = SHELB~TUBE;
HOLE NO.

PS = Stationary PISTON: PB = PITCHER FINAL LOG HTEF-B1

-1
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GEOTECHNICAL LOG
PROJECT JOB NO. SHEET NO. HOLE NO.

TEF HTEF 20F5 HTEF-B1

u A N-VALUE (SPT)
L.

z t gJJ ol-
NOTES ON:

-0
-z n O RECOVERY% gg <u : ~pw WATER LEVELS,

iCt
a

Ao >tL n DESCRIPTION AND CLASSIFICATION CHARACTER OF

~z + AIT. LIMITS% mu Wz <
k E DRILLING AND

~< d- W
n w n a

LABORATORY
TESTING

20 40. 60n 80
Ss ,,$ . M-24-22 aartre as abovG densq fine to medhrm grained
21 ,.. .

A: : : 0
Ss 10-10-7 same as above: medhsm dense
22 !00 .

A: : : :Ss
(3~~~-- same as above

23 ,.0 .
,0. .

+ )
,.. .

ST
40,,, . no rtxovery

1 ,,, 0
,,, .
,,. . ( ) 245.7-

Sr ,,, .
2

. . . . CL4YEY SAND (SC~ medium yeUowish brown with
,,, . light gmy zones; mois~ fine to medium grained with trace. .
. . . . coarse

~ A’ “ ‘ “ (1 6+9 243.7- /
Ss ,.. 0 . . . sameasabovqlowest0.5frarelightreckmediumdense
24 ,,. .

(3 ~~ 242.2-
45- :: “

Ss A’ “ ‘ -
r.. o /

25
same as abovq top 0.5 ft are light red widr white. ..-

. . . , IaminadoW, Ioosq fine gmined

A,” 240.7 - ‘“/
Ss

c1Qj,2
.,0 .

26
same as abov~ medhrm dense. . . .

,,. .
A, s , , 239.2 - - ‘“/

Ss
c) ~~.~

,.. I
27

same ~ abovti with sandy clay intesberk+ medium. . . .
brownssh yell?w becoming medhrm brownish red at the

i::~ ~-9-12 237.7 - so ‘“/ o~rval
Ss
28

,.. 0 same as abovq fine to mediumgmined

A:::O:
.2.j~.2 - “::/ “

Ss 6-7-9 . . .
29

CLAYEY SAND (SCk medium reddish browru medium,!. .
derssw moist fine to merhum grained

:A : : 234.7 - - ‘“/
Ss 0 :.., 5-24=
30

. . . - same as abovq dark d, dens~ wet

i :0 : 233.2 - - ‘“/
Ss 22-15-24
31

.,. , ,yj _<. . .’ SILTY SAND (SMk medium yeflowish brown top half of IXy Branch
interval is medum red densq we~ medium grained

A:::o 12.&ll 231.7 - .. .

;; . . - same as abovG medhrm dense; fine to medium gmincd.,, , ..

:A b:: 230.2 - ,. .

Ss 14-12-14 .’. . same as above; dark yellowish bsown
33

,., , .. .
,..

:0’ 4-,-S 228.7 - .. .

Ss ‘“”’ / . CLAYEY SAND (SCk medhmt yellowish bruwm very
34 . . . .

60-“~:/ loosq ivecfmetomediumgmined

Ss A; ; ; ; (3 24,0 227.2.
-:. ~ SILTYSAND (SMX medium brownish yellow. medium

35 ,,. . “. . de- we~ fore to medium gtaincd

A:: :0 ,(J-,&,, 225.7 - .. .

Ss .. . same as abae
36 ,., . ..

,.. .
(>2~~ 224.2 - .. .

Ss ‘. .,. --

37
-.. . . CLAYEY SAND (SCX medium yellowish browrx 100SS

. . . . weu fine to mechum gmined

Ss ;A ; : :0 4,1-,3 222.7 - 65 :“/
~ SILTY SAND (SM} medium yellowish brow, medhrm

38 ,,, , . . dens~ wet fine to medhsrn grained

+ :0 : 15.17.21
221.2 - .. .

Ss
39

-. .- CLAYEY SAND (SC) with silty sand intcsbe& rrrdurn
,,. , bmwx dertsq wec fine to medhrm graincd
,,

A: O: 219.7- ‘“/
Ss ., 20-25-29 :. : SILTY SAND (SMk medhrm bmw VCIYdm. weg
40 .,, , .. . subangrtlm. poorly graded fine to nredhrm grained

218. 2- .. .
Ss .:: : OA 28-35-4 ~

41 ,,. ,
70- ;- ,. sameasalpv.%mediumbmwrrishyellow medhrrn to

coarse gmrned, trace gravel
., 40 216. 7- .. .

Ss .. . . :.; POORLY GRADED SAND (SP) trace silt medium
42 ... .,,. , brownish ye!lotw vcq dctssq we~ subangulaq poorly

215. 2- .. . . e~ed
Ss ‘A~” “24-23.240,, . .. . SILTY SAND (SMk medurn brownish yellow, denx we~
43 ‘.. ..,. . subangulr, poorly graded mechum to coane grained

213. 7- .. .

Ss ‘A~” 19.21-3. . . . / CLAYEY SAND (SC} medium yellowish browm. . ,.

;S = SPLIT SPOON; ST= SHELBY TUBE, SITE HOLE NO.

% = STATIONARYPISTON; PB = PITCHER FINAL LOG HTEF-B1
,., .,~ .“,,,,.,,<, .,. — .-.——.,.....
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PROJECT lJOB No. IsHE= No. HOLE NO. I

w

1
A N-VALUE (SPT)

n-
>0
l-z 0 RECOVERYYO
Qn
~z
<< + AIT. LIMITS %
OY

II 20 40 60 80
. .

Ao ‘

1
Ss
52

Ss A
53

Ss
54

Ss
55

Ss
56

ST 4)
3

ST
4

Ss
57

Ss
58

Ss
59

Ss
60

Ss
61

Ss
62

Ss
63

Ss
64

Ss
65

Ss
66

Ss
67

A

A

A:

A

. . .
:0+:
. . .

A’0”.,
.,
: 0:

.,

“a ‘,,
. .

“OA’.,
,,

O-A”

AO

:A:O

.A. .

. . .

;Ao;
. . .

A:O :
. . .

; O:A
.,,

. . “AC):
,!.

,., .

. .

:0 +. .
. . ,.
. . ‘o’.,. ,
. .
. . :0 : 4

1SS= SPLIT SPOON;ST = SHELBYTUBE:

rz3m2

ZF23=!z

F33-57z

Emx

m

l-mm

TT2m

-mm

Tm3-

%5Tl

mm

bzzr

23’333

-Fiz7

2T23Z

l-r17m

T2a?m

T5Ti-2

TI=i3z

11454

Tin-87

Em

O=D’m

—

-1’=

z
oi-
~w
<w
>U
Wz
-t—
w

212.2

210.7

209.2

207.7

206.2

204.7

203.2

201.7

200.2

199.4

198.?

197.:

195.:

194:

191.’

190.~

188:

186.’

185:

183.

182.

180.

179.

178.
177.

176.

174,
I

173
173

TEF HTEF I 3

~ ~

g 2
x

z L DESCRIPTION AND CLASSIFICATION
1- <
a cc
w
n u

u der+sq wec subangul~ poorly graded fine to medmm
. . .. /

OGRLY GRADED SAND WITH SILT (SP-SM); light. .
broym very dcnsG wcc Amrrguk POO~Yg~dcd

1
AND (SP): light brow very dcrrs%

. . . wet; Subangttlw, poorly graded mdtum to coasze grained

$K
/

POORLY GR4DED SAND WITH CLAY (SP-SC);

80: mcdhrn yellowish browrr dense wec subangulac poorl
?gradd, fine to rnedum graincd with a 0.1-0.2 ft zone o I

II-i-and
.- 1
.. POORLY GRADED SAND WITH SILT (SP-SM);
.’. medium yellowish browtx ve~ densej we~ subangulac
.. . . poorly gmdd, medium to coarse gramed /. .

n-i
I

:::: POORLY GRADED SAND (SP1 light browrv derssti weu
. . subroondeck poorly graded coarse gmined trace heavy ~

8’~WELL GRADED SAND (SW) trace silu medium browm
ve~ dense; wec submunded, well gradd, medium to

POORLY GRADED SAND (SP) oace silt medium
browm den.% wec subroundd, poorfy graded mdium to i

/

CLAYEY SAND (SCk dark blackish bmww Ioosq wec
subartgulac me+ium to coarse grairred grades into

/

90 Interbcdded SILTY and SANDY LEAN CLAY (CLk very
light yellowish brown, black, white multicolored firm to
very sriffi wet low to mechum plasticity, sand fmction is I

1%$~.... !
CLAYEY SAND (SC); light yellowish brown with light...
brown clay Iamin=, medium den% weu subangulac fine I

I I \tam4mgmmed
.

/
above I

95+ 1--”no recovety

same as above; medhsm to coarse grained

.~

:. POORLY GRADED SAND (SP) trace silt light brown
with several black nodules (Mn9Y very dense’ wet’
subangulac poorly gmdet coarse gramcd

same m above; medium densq mdlum to coarse gmined

l:. .1 same as almvti dense
—

J

... . same as abovq light reddish bmw~ medium densq light. .
gray wispy clay lanrinae at base of interval

I I
.,.’ same as abovq dense

1o5- “:’:

same as abovq trace heavy minerals

~

CLAYEY SAND (SCk light brown with white wisp$ very
desrs~ weu subanguiac well gradd, medkrm to coarse

same as abovez sil~ also light yellow and medium redd~h
brown zones tine to coarse grasnd, black wisps (Mn?)

JHOLE NO.

PS = STATIONARY PISTON: PB = PITCHER FINAL LOG HTEF-B1

IT
10 :“: POORLY GRADED SAND (SP) trace silt med browm.“. ”

.“. ” vety dens~ wec subangulac poorly graded; cse graincd. .

M
.. I

WELL GRADED SAND (SW) trace silu h brown, med
reddish brown in placrs ve~ derr% wec subangulaz well

. . gradd line to cse grairrti sparse black nodules (Mn?) ,

.“.. I I
- . . . . CLAYEY SAND (SCk h browru med brownish yellow in

plac=, very den% weu subangulan well
—

OF 5 HTEF

NOTES ON:
WATER LEVELS,
CHARACTER OF
DRILLING AND
LABORATORY
TESTING

Tars Clay Interval

Thker?
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GEOTECHNICAL LOG
PROJECT JOB NO. SHEET NO. HOLE NO.

TEF HTEF 40F5 HTEF-B1

I I I I
,J

Lu

i

A N-VALUE (SPT)

& O RECOVERY Y.
rin
~z
<< + AIT. LIMITS%
u)

‘: ,

z t g NOTES ON:

~g .g & z ~
WATER LEVELS,

Ao >L ~ ~ DESCRIPTION AND CLASSIFICATION CHARACTER OF

mu 111~ a ~
DRILLING AND

w Us ~ LABORATORY
n TESTING

II 20 40 60 80
Ss ,.. .

Ss
69

Ss
70

I
Mt&5ct/5’p1

I I

WELL GR4DED SAND (SW) emcc sik It browru veg r

&!Eabov’

. Iac well gtadctk sparse black nodules
.. . . ~
.,. .

. . . POORLYGRADED SAND (SP) tmce .siIc light browm
jtulu oooriy m-aded fine to mcdhtm

171.8j
0:+

,0? .

:0 : : :
,,. 0

g:+:

. . . 0
A’ o: :,,

.,. .
,. A“ 0’
. . . .
!0. .

A“
,.. .

. . . .

A“ ‘ ‘c
,,. .

2!843-41

)-SO-SO(4-11

~8-30-27

-1o-11-24

29-30-23

},3,526.-

22-16-17

~13-30-30

13-16-27

19-14-12

)7-10-26

14-12-27

16-22-28

I I:. .1 Ildcnse wet subarwu

4170.2

“8”’; !d$%!%ab.wambuid
very dcmsq wec suban,g . . . .

M
?Y
Ss
72

;;

Ss
74

Ss
75

Ss
76

Ss
77

;;

Ss
7Q

&“ ‘h’” ~. . I
same as above with silt well gmderl tine to med grained

f
CLAYEY SAND (SC) rmce silt with km clay and poorly
graded sand inrerbeds mcd yellowish brmvru derw wec

. . . subarrguiac well gmdeck fine to cse graircd
‘.. . [

164.2. .“”- POORLY GfWDED SAND (SP) trace silt with silty sand
intmbetkz lt brown with white wisps w-y dert.sq wet
subangulac poorly gmdd tine to med grained, sparse

n?)
CLAYEY SAND (SC) calcareous?. also zones of aandy
clay and siIty sand white with h brown zones: dense; we~

161.2- subangtk well gmdeti mcd to cse grained I’n

sanbx

,“0 ..
As
,.

:0

,.
,0

,,

*A
,.

. .

ml-s
.-.-

SILTY SAND (SM) trace clay with aandy Iean clay
159.7 :’ “ intcrbexk white with med bmwrrish green zones and 1[

.. . yeIlowish bmwm dcnsq wet subanguIac well gmded tine I

158.2I +’[.1 \’$#$&’d . .ve: wnh thm zones of clayey sank light grcem, ‘/J
,.
,,
. .

*A ,0

“1:iv“’ ‘-I-
-.

130- (: .“ $ame as itbovq trace clafi hrqd yhite nodule at base of
156.7 .“

:. : SILTY SAND (SMX lt green; med dens~ wec subassgulac
‘. well graded tine to cse grabscd. shell fragments, some hard

155.2 .. . zones (calcttreotts cementation?)
,.

same as abm% with It brown bands near the bottom of the
153.7 ‘“ imervak densq tine to mcd grained..co~er near internal

,,

A. , .
,.. .

i .: 0:

.0

0

O:A: I
CLAYEY SAND (SC) trace silt lt brownish yellow with

d 1’2”4 ‘3’ ned’wirh~hh~w@y@~ I

whhc bands dense wer subangular well gmded; tine to
A,.
,..
. . .
. . .
,,. M ‘507-4-l%k”same as abova with white wispy clays medhm dense /-l

310-21-32

%-22-24

33,-. 218

4149.2
148.
148.6
147.7

k!$i-...
same as above; with thhr clay ktttrkw very 1- lowest
0.2ft cemented sand& white hard nodules 0.1 ft hard 1

...’

,.
. . A;
,..

:A :

ttl-’l~v’vewtie

‘. .

.’ . POORLY GRADED SAND (SP) trace sik h brownish
.. yellow. very dense; we~ subangukm poorly gtiade@mcd !--l

140
. . .

146.2-

144.7-

142.7_

141.2-

139.7-

138.2-

t!lsls- -‘-
.“. -”-
..- SILTY SAND (SM) trace clafi It bmwrrish yellow with It
‘. . my streak.%very densq we~ subangulac fine to med.. .

same as abov~ with zones of clayey aant rnrhm dense ‘1

. . .

. . .

:0 :
,.0

:x)::
.,.

A; :
,..

rtll
ST
5

I
SILTY SAND (SMk It bmwrdsh yellow med dense wec
subm.gulac well gradeck fine to mcd graincd, small clay

.. CLAYEY SAND (SC~ med brownish red with med
yellowish brown zonr+ med de= wec subangul~ well

.. .
SILTY SAND (SM) trace clqr It brown: med dem~ wec

.. .

II

Ss 101013-.-
R7

9-14-21

%-20-22

clg ,, *S-.

0 6-,2-,.2

( ~ ,2,7.-

;=SPLIT SPOON; ST = SHELBY TUBIZ SITEP
.-,
Ss
88

Ss
89

Ss
90

Ss
91

Ss
92

Ss

Ss

k;,.
,..
“A “ ‘,..
.,.
“A “ ‘. . .

.. .
‘.

.“ -smIc 3$~bove

150- (: .“ same as abov~ with wispy light green cltt~ nretfiurn dense

‘iEwaley””
same as abow with wispy light green clay Iarninrienear

SANDY LEAN CLAY (CL), mcdurn bmwmsh ellow
with Iight green wisps yery stiffi WeCIISCdhXISP NtCltY.

CLAYEY SAND (SCk mechum reddish yellow

. . .
‘A’”
.,0

13>.L

1133.7
,,.

‘OA”. . .

-B1PS = STATIONARYPISTON PB = PITCHER

. .. ... .. . . . .... .. —-- 7.---- 7-= , -
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20 40 60 80
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:OA:

;s = SPLIT SPOON: ST= SHELBYTIJBE:

z
oi-~w
<w
>IL
tliz
~—

132;

130.;

129;

TEF HTEF I 5

DESCRIPTION AND CIX3SIFICATION

vith light gtemish gmy mottles very destx weu

. .
ed

.EAN CLAY (CL)@h spasse gmveI size groins; medurn
/

yren with light rcddlsh yellow zonts snd reddish yellow
notfks had wec low plastscny

‘S= STATIONARYPISTON; PB = PITCHER I FINAL LOG

F 5 IHTEF-
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GEOTECHNICAL LOG
PROJECT IJOBNo. IsHE- No. ~HOLENo. I

TEF HTEF 2 OF 5 HTEF

w

1
A N-VALUE (SPT)

n.
>0
l-z O RECOVERYYO g:

Qn -to
~z + ATT. LIMITS % mO
<<
rn

z
o!-
pw
<~>tL
Wz
J—
w

255.7.

254.2 -

252.7 -

251.2 _

249.7 -

248.2 -

246.7 -

245.2

243.7-

242.2-

240.7-

239.2-

236.7-

235.2-

233.7.

232.2-

230.7.

229.2.

227.7.

226.Z

224.7,

223.2

221.7

220.2

218.7

NOTES ON:
WATER LEVELS,
CHARACTER OF
DRILIJNG AND
lABORATORY
TESTING

DESCRIPTION AND CLASSIFICATION

20 40 60 80 , . I

ST ,.. .
1 ,.. .

same as abovs white with red and light brownish ellow
monks sand fmction is medium to cosrse gmine 1

II ;A
Ss
24

Ss
A’

25

Ss
A.

26

Ss
A’

27

Ss ‘:.
28

Ss
A“

29

Ss
A ‘-

30

Ss A:
31

Ss A;
32

Ss
A:

33

Ss
A:

34

ST
2

Ss
A

35

Ss
“A

36

Ss A

37

Ss
A;

38

Ss ‘“
39

Ss
A:

40

Ss ‘:
41

Ss A:

42

Ss ‘A

43

Ss ‘A

44

Ss
45

Ss
46

Ss .

. .
:0 :
. .

:0 :
,.

‘ o’

CLAYEY SAND (SCk mediumred witi whitezones
mediumden.% dam~ subangulw,well graded mediumto

same as sbov~ fine to mediumgrsined

40.

45

50

55

same as above

same as abovq loose

no recovery

same ss sbovti medhrm densq tine to coarse grained

‘0 same as idxvq lmse

same as above medum brownish yeIlow with white
streaks and red zones moisu fine to medtum grained

SILTY SAND (SM); medhrm brownish yellow with
interlaminated @rite streak Ioosq moist subsngulac well

ed
same as abovti with medium red zons, damp

CLAYEYSAND(SCk mechumred wirhmedhsm
brownishyellowzonex mcrhm denx dam~ subangulac
well gradd, fineto mechm graincd

,01=
I

same m abow withdarkbrownbands; moist medhrm to
coarse gmincd 1
same as abovq muhurn brownish yellow wirJsmedium red
zones wec medium gmined

r

.’.
..

tjfs--
,.

7
..
.,
..

70- ;.

‘.

same as abovv, medurn browrc medium to coarse gmined DryBranch

same sa abovq light brown I
same as abova medium yel)owish brown with black zones I
medium grained -

same as abovw medhrm browru Iocwq medium to coarse
grained=s-.-.-:--,.-SIL31’ SAND (SM): mechrrn yellowish browrv medium
densq weu subangulac well graded fine to medum I

:0 POORLY GFUDED SAND WITH CLAY (SP-SCh
medium browru loose wec subsngulan poorly graded tine

CLAYEY SAND (SCk rnedurn browm medium den%
wet subrmgulac well graded fine to mtxhm gmined

I FQORLY GRADED SAND WITH SILT (SP-SM} i
I medium browrv medhtm derrx weu sub~gulv pOOrlY I

POORLYGRADED SAND WITH CLAY (SP-SC);
medium brown with medium brownish yellow bands;

:0

medum den.% wet subattgulac poorly-graded, medkrm
.AC3.,
. .

.A “o .. . .

. . .

.(2’”
,..

POORLYGRADED SAND (SP) trace silt medium
bro.wm den.% wec subangulac poorly graded medurn

POORLY GRADED SAND WITH SILT (SP-SM);

HOLE NO.

FINAL LOG HTEF-B2

P..

T
.-
SITEISS=SPUTSPOON,ST “= SHELBYTUBE;

IPS = STATIONARYPISTON PB = PITCHER I
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PROJECT

GEOTECHNICAL LOG
lJOB No. [SHE= No. lHOLE No. I

S4El=

NOTES ON:
WATER LEVELS,
cHARACTER OF
DRILLING AND
LABORATORY
TESTING

u A N-VALUE (SPT)
L.
+0 J-l
-z a O RECOVERY “LO

in
>Z a
<< + AIT. LIMITS %
n

20 40 60 Bo

Ss
71

Ss
72

Ss
73

Ss
74

Ss
75

Ss
76

Ss
77

Ss
78

Ss
79

Ss
80

1

~ ~
z

x L DESCRIPTION AND CLASSIFICATION
t- <
n u
w (lJ
0

.. .
- :. : SILTY SAND (SMk Ii ht browrv medium dense; wec

submg.l~well~de$; fmetomed.m grsined
.’
... . same as abovq veq den.sc
..

POORLY GRADED SAND (SP) trzcc silt light bmwm
ve~ densq weu subzngulac poorly graded fine to medium

same as above me fik dense
4

.,

... . same as sbovq very dcxsx trace mica and heavy minerals

1
177.2:A : : 0: Tlttker?

cm :.

A:

A;

A;

175.7-

174.7-
174.2

172.7-

171.2.

169.7.

168.2.

166.7.

164.7.

163.2,

161.7,

159.2

157.7

156.2

154.7

153.2

151.;

150.:

148.:

145.:

142.’

141.

139.

138.

A’0”,.
,.
Ao’

0°

ii
.. . szme as abow with silt

5 SANDY LEAN CLAY (CL) clayey sand in places dark
browm den.% wec subssrgulac well gaaded fine to
medum grained. sbundant black pellets (Mn?)

.’. ..
POORLY GRADED SAND (SP) trace silt light brownish

/

white me$hrn densq weu subsngulac poorly graded sand
ISfi~

.. .. SILTY SAND (SMX White with light brown streak den.mx
d~, subangulac well gmderl fine to medium gmined;
so s
same as sbovti very light greem, moist poorly graded, fineo- ;“ .“ g~n~

‘A ‘ Smttee

o:

&

POORLYGR4DED SAND WITHSILT(SP-SMkVCW
light greemmoist subiurgulacpoorly graded fine gmined

~
same ss abov~ dens% we~ fine to medium gmined

,5 :“ same as abovq medium dense.0

A

no recovery

o~;. - SILTYSAND(SM);very light green with whhe.zones
derss~ wec subsrsgula.c well graded; tine tomedmm

ssme as abovq light greenish brown with whhe sones

.0

A

1.1.1

LH

... . same as above very light green

same as -above well graded
‘.

POORLY GRADED SAND WITHSILT(SP-SM) very$5– <,.”. fightgr=nw.i~lightbrownzons, ve~ hOSC wet

subasrgulac poorly grsded
. .
., .’

. .
..

:“. SILTYSAND (SM~ light yellowish broww moist
subangulsc well graded

I
Ss o:
g8

mmii

ST
6

Ss
89

Ss
A“. .

90 . .

Ss 40. .
91 . .

A“

SS = SPLIT SPOON: ST = SHELBYTUBE

50 ‘“:: :’ same w abovq dem% tine to medium gmined
..

?m3K

%lTm

mKi-1

T
SITE

H“isame as above
I

:. “ POORLYGRADED SAND WITH SILT (SP-SM) Ii ht
?browm very den.x we~ subangulac poorly graded me to

medium gmined white silicitied
r

HOLE NO.
(

FINAL LOG HTEF-B2 ]IPS = STATIONARY PISTON PB = PITCHER
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GEOTECHNICAL LOG
PROJECT JOB NO. SHE= NO. HOLE NO.

TEF HTEF 50F5 HTEF-B2

J A N-VALUE (SPT) z k OY NOTES ON:

:0 j ‘ ol-
-Z 0 RECOVERYYO g? ~“ z gpw WATER LEVELS,

z >U ~ ~ DESCRIPTION AND CLASSIFICATION CHARACTER OF

;$?
40

m + ATT. LIMITS% mO ul~ L c
DRILLING AND

~a
9 Ill w (IJ

n
LABORATORY
TESTING

20 40 60 80
,,. 0 6-1 I-24 .. . I

( > 136.7- ‘.
Ss :A ::: 6-11-20 :. -- SILTY SAND (SMX light @kWkh @YWX@W WCC

93
.. .,.. J

135.2-
subangulac well gmdcd; fine to medmm gmmed

.- .

Ss
‘A ~ :,. 11-17-26 . . .

94

same as abOVGlight greenish brown
.. . .,.! .

133.7- .. .

Ss ~ :A : : 15-&27 .. .

95
ssme as above

,,. .
1. .A. - 132.2 -160- “:”‘“.

Ss ,., . 5o14-U
96

no recovey, shoe su-ippal off split SPOOIU0.5 ft drilled out
,.0 ! 130.9-

before next SFT interval
,0. .

Ss
~.. . (]--
,.. . S*DY LE/$J CLAY (CLk VW dark gra)ish gram VUY Wafley HN

97 ,0. . sttfi weG mcdmm plashct~, sand fraction ISfme to
,.1 A ($3-3,48 128.7-

Ss
medkm grained this intervalmarksthe ‘greenclay’contact

,!. .
98 ,00 .

127.2-165-
ELASHC SILT (MH} verydar$yellowishgmemvery

,,, . hard wec low plastmw tracermca
.’. . .
.0. .
!,. .
.,, .
,,0 0
,,. .
,,. 0
,.0 .
,.. .
,00 .
,,. #
,.. 0
,,. .
,.. .
,0. .
,.. 0
,.! .
,.. #
,,. .
,.. .
. . . .
,.. .
,,, .
. . . .
,.. .
. . . .
,,, ,
,.. .
,.0 .
.,, .
,.. .
,,, 0
,., c
,,. .
.,. .
,.. .
,.. .
.,, .
,,. .
e.. c
,.. .
.,, .
. . . r
.,. #
,,. .
,.. .
,,, .
,.. 0
,,. .
.,. c
,,. .
. . . .
.,. .
,.. .
,.. .
,,. .
,.. .

;S = SPLIT SPOON: ST= SHELBYTUBE SITE HOLENO.

‘s= STATIONARYPISTON PB= PITCHER FINAL LOG HTEF-B2
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GEOTECHNICAL LOG

PROJECT JOB NO. SHE13 NO. HOLE NO

TEF HTEF 10F5 HTEF
TF lcOOROINAms ANGLEFROM HORIZONTAL.-

HTEF N73431 E 61670 90

EGUN COMPLETED DRILLER DRIU MAKEAND MODEL HOLESIZE SAMPLEHAMMERWEIGHTIFALL TOTAL DEPTH

115198 1/13198 GravdA. Jatin Failing 1500 3718 in 140 lb/30 in 159.5

ROUNDEL DEPTHEL. GROUNOWATER LOGGED By
~ 39.9248.6119198

288.1 z I

S.t

i

A N-VALUE (SPT)
L.
*O
-z O RECOVERY 7.
in
~z
<< + ATT. LIMITS Y.

n

I 20 40 60 80
11 ...,1

i

Ss
I

Ss
2

Ss
3

Ss
4

Ss
5

i

A

Ss
7

Ss
8

Ss
9

Ss
10

Ss
11

Ss
12

. . . .

. . . .
A’ 0“ “ :. . .

.?.
DA’

. . .

:0 :
. . .
,0

‘ 0:

b:,..,..

A 0,
. . .

.CA::

Il.

i

ST
2

Ss
13

Ss
14

Ss
15

Ss
16

A

:A :

. .

H::
. .
,.

. .

. 0:

. .

. .

.0 .

. .

0:
. .

6
. .

.0 :

. .

. .

. .

.,

. .

. .

:0 :
. .
.,
,.
. .
. .
.,
. .

:0

,.
. .
. .
,.

-777

mFr

733

m

z
ol-
pw
Sjki!
Utz
l—
w

~

284.6

283.1

281.6

280.1

278.f
278.(

276.1

274.(

273.1

271 J

270.

268.(

267.

265J

264

263.

261.

260.

258,

R.Gelinas/SAIC

k ~ NOTES ON:

~ WATER LEVELS,
z

x n DESCRIPTION AND CLASSIFICATION CHARACTER OF
1- <
n

DRILLING AND
w
n 5 LABORATORY

TESTING

-II I
I

CLAYEYSAND(SC) tracecrushedstonx medium
reddishbrowtu me&um dew, dans~ poorlygraded;
subangufac mdlum to Iower coarse grained, material may

as abov~ very dense; upper 0.5 ft maybe FILL

SILIY SAND(SM] medium browm medium detw
mois~ subangulac tine to medhrm grained

~

SA!WIY L~N CLAY (CLk medium reddish browm
molsc very suffi low plasticity sand fraction is fine grsined

CLAYEY SAND (SC~ mcdum brown wadsred and hght
gray oxidation zones very den.% moisu poorly graded

10 I

plasricitfi sand fraction is fine grained
/-

SANDY LEAN CLAY (CL); fight gmy with few red spew,
h@ damp; low plasticity sand fraction is fine gmined

/-
CLAYEY SAND (SC} light gray with mediumred bands
every 34 inches densq damp, poody gmdeti subangulsc

LEAN CLAY (CL), tmce fine sa@ light gray and medium

zones dense moisu poorly graded, subangul=, medium to
VA lower ~

same as sbov~, wirb some silty sand Iayerx medium dens~
fine to medium grsined

WI20 .:. ” same as above

I

same as above, trace mica I
-r“./1

.’ SILTY SAND (SM), trace muscovite tic% medum gra~
J

.. mois~ poorly gradd, subsngulac tine grained (bottom of
f

SILT WITH SAND (ML): and some silty sand Iayetx

25- medium reddsh brown with gray and ellowish brown
z“”zon=, stit% mots~ low plasticity; san fractton IStine r

i
no rccove~, catcher is missing a few teetlv put new core

f
SANDY L6AN CLAY (CL). some Iaym trace to with
sand mediumbrownish @ and highly vari~le gray,
yellowish brown and whm%ftrrru rnmsc medium plasticity
sandti-wtion very tine to fine gmined

1

30

n

LEAN CLAY (CL), trace to with sank medium yellowish
brown with some red and light gray zones very stiffi moist
medhm plasticity

Tobacco Road

2/
HOLE NO.

J

SS = SPLIT SPOON; ST = SHELBYTUBE; SITI

PS = STATIONARYPISTON PB = PITCHER FINAL LOG HTEF-B3
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GEOTECHNICAL LOG
PROJECT JOB NO. SHEET NO. HOLENO.

TEF HTEF 20F5 HTEF-B3

1 A N-VALUE (SPT) z 1- a

:0 y ol- ; 0
NOTES ON:

-z O RECOVERYYO 3$ pw ~
WATER LEVELS,

z ~a
z

:s
~% ~ ~ DESCRIPTION AND CLASSIFICATION CHARACTER OF

0) + AIT. LIMITS % m. lu~ DRILLING AND
~<

n =

) w g a LABORATORY
TESTING

20 40 60 80
Ss

B
,,0 . 5-s-lo CLAYEY SAND (SC), with somesandyclay Iayerq
,,, . mcxhm reddishbrownwithsome red Iayerx medhrm
,00 . dense:mois~paorfygradd subangul=. fine[o medium
,,, . gmined
,., .
,00 .
,,, .
,,0 #

Ss A’ ‘ ‘ :0 ~.~~ J 1
,,.

18
SILTY SAND (SM~ mediumyellowishbrown with

,,0 . medhrm red layers: medium dense: mois~ poorly gmderk
247.1-,.. 0 subangul~ fine to lower coarsegmined

,.. ,
,.0 .
,., ,
,.. .
,., ,
,., 0

Ss A: : : : ( 3 ~-~~

19
. CLAYEY SAND (SC} medium yeflowish browm 100.%

,,, , we~ poorly grade& subangulr, fine to medhrm gmined
,., ,
,.. : llQ)

ST ,,, ,
3

same as abovq redd~h brown and yellowish bmwm mois~
,., .

A: : : : c ) fi-~oSs ,,, , same as abov% medhrm dense
20 ,,, ,

,., ,
,.. ,
,., ,
.,, ,
,., ,
.,. .

Ss
~:::o 4-,0,3 SILTYSAND(SM1 withclay medium brown whh some

21
,.. . DryBrarreh

redd~h zones medium densq weu poorly graded,., #
.,, . subangulac fine to medium grained

,,, .
,.. .
,., ,
. . . ,
,.. ,
,,. ,

Ss ““” c1 ~.2~-- CLAYEYSAND(SC~ rrte&m ellowish browm loose;
22 ,.. , f. . . , wec pwrfy gradd, subangulw, usc to medium gmined

,.. .
,,, ,
,.. .
.,, ,
,,, .
. . . ,

Ss A; ; ; ; (] 259-.
23

same as above; few silty sand zones; medhm redd~h
. . . , brown: medium dense
,., .
,.. .
,., .
,., .
.,. .
,,. ,
. . . .

Ss A“ ‘ :0 IZ.17.IT. . .
24

SILTYSAND(SM),few layers have tmce clay medium
,,, , brow densa we~ poorly gmded subangrrlw, fine to
,,. .
. . . .
,.. .
,,. .
,,, .
,.. .
,.. .

Ss
A’. “ o’ 5-13.24,,. , CLAYEY SAND (SCk medium elIowish browm densq

25 ,.. . ?wec pwrly gmdd subarsgulac me to
213.1

>=’SPLIT SPOON; ST= SHELBYTUB= SITE HOLENO.

s= STATIONARYPISTON;PB = PITCHER FINAL LOG HTEF-B3
.~-.--t,,. ,, >.,,.,. ,,, ,, .,. ,., m., . . . . . . . . . . .- . . ..- . . . . . . . -. ..-. ,., ./ $. .,., .- ..,,. -— --- 7—--- Y----
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PROJECT lJOB No. ISHE= No. HOLE NO. 1

, ] I A N-VALUE (SPll

:0
z 10 RECOVERY%
“n
:Z
.< + ATT. LIMITS %
i

20 40 60 80
i I ,.. .

4:Ss
27

1
Ss
28

ST
4

Ss
29

30

Ss
31

Ss
32

Ss
33

;S = SPLIT

A

i

. .

. .

. .

. .
L“,.

,0

. .

,.

,.

. .

,.

.,

“ 0:,.
,.
.,
,.
,.
,.
. .
,.
,,
.,
,.
. .
,.
. .
,.
,.
. .
. .
. .
,.
. .
. .
. .
. .
. .
. .
. .

b:
. .
. .
,.
. .
. .
. .
. .
. .

A; :0 :
.,.
.,.

.,.

. . .

. . .
:0 :

,,.
,..
. . .
.,.

. .

. . .

. . .
“A “o

,,,
. . .

1

w

SPOON; ST= SHELBYTUBE

1-15-22

$-324?

9m-413I. ,-6

198

195
m-2i3in-5-15

15-21-20

188

. .

182

31-50-45

17[

-. 9

17:

ISITE

208.

203.

193

TEF HTEF I 3

L m
g 2x
x o-
+
L 2
w (g
c1

85 -

...

95 –

100-

105–

,.

110-

DESCRIPTION AND CLASSIFICATION

medhsmgmined

SILTY SAND (SMkmedium yellowish browq; dense; wcc
poorly gmdd, subangulax tine to medium gramed

same as abov.%withsome tight grsy zones; very dense;
assgul~ medhrm[o lowercoarsegrained

LEAN CLAY WITH SAND (CL); medium yellowish gtay
smd yellowish browm stiff; moisu medium lasticity, some

“tmanganese stained zones, sand fractionM me gmmed

SILTYSAND (SMk light brownish gray wec poorly
graded subangulr, fine to lower coarse gmined

CLAYEY SAND (SC), with silty sand imerbeds; medium
grayish browrc medium densq wec poorly graded
subangulac tine to medium gmined with some manganese
staining

SILTY SAND (SMk fight brown snd light grayish browru
dens% wec PoortY gmded; subrmgulac fine to mdlum
gmined “ --

POORLY GRADED SAND WtTH SILT (SP-SMk light
browru densti weu poorly graded subangulrm fine to
medum gmined

POORLY GRADED SAND WfTf-f SILT (SP-SM), some
silty sand inteti, fight grayish brown, very &nsq wec
poorly graded subangubm fine to lower coarse gmmed

POORLY GRADED SAND WITH CLAY (SP-SC); light
grayish browm densq wec poorly gradet subangulan fine
10medurn gmined

F5 HTEF

OTES ON:
IATER LEVELS,
HARACTER OF
RILLING AND
ABORATORY
ESTING

‘anClay Intetval

Ilnker?

{OLENO.

HTEF-B3
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GEOTECHNICAL LOG
PROJECT JOB NO. SHE~ NO. HOLE NP

TEF HTEF 50F5 HTF

w A N-VALUE (SPT)
L. z k Cn
>0 w NOTES ON:

l-z n O RECOVERY % 3s :h z $ WATER LEVELS,

~n ~a Sk I c& DESCRIPTION AND CLASSIFICATION
~z a 1-

CHARACTER OF

+ ATT. LIMITS % mu
<<

Wz
-1- 0. m DRILLING AND

03 w w ~
o

LABORATORY
TESTING

20 40 60 w.
Ss .,, . 1949-40 /
58 ,., , CLAYEY SAND (SC); medium yellowish brown with

,.
Ss :D ; 23-33.32. . Warley Hill
59 ,,. ,

Ss ;A ””’ ( 130.l_ LEAN CLAY (CL), with fine sanckmexittrn brown grachg
. . . 39-15-13 to greenishgray at 157.7f~ very hard, mois~ medium

60 ,.. ,
128.6-

plasticity sandis fine gsainrd assddecreasesin peruntage
,.. . with depti, green clay at 157.7 ft
,,. ,
,,. , FAT CLAY JCH), porsiomsase sandy vety dark greenish
. . . . WY ve~ sum IOCIISKhighplasucitfisand fraction is fine
,.! . gramed
,.. .
. . . ,
. . . .
. . . ,
,., ,
. . . ,
. . . ,
. . . ,
.-. . .
. . . .
,.. ,
,.. .
. . . ,
. . . .
,.. ,
. . . ,
. . . ,
,., ,
. . . ,
. . . .
. . . .
. . . .
. . . .
. . . ,
. . . ,
. . . .
. . . ,
. . . .

. . . .,
. . . .
. . . ,
. . . .
. . . ,
. . . .
. . . ,
. . . .
. . . .
. . . .
. . . ,
. . . .
. . . ,
,.. ,
.,. .
. . . .
,.. ,
,,, .
,., ,
. . . .
. . . ,
. . . .
. . . .
.,. .
. . . . .
. . . .
. . . .
.,. ,
,.. .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
,,. .
. . . .

S = SPLIT SPOON: ST = SHELBYTUBE; SITE HOLE NO.

‘s= STATIONARYPISTON PB = PITCHER FINAL LOG HTEF-B3
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GEOTECHNICAL LOG
PROJECT JOB NO. SHE= NO. HOLENO.

TEF HTEF 10F5 HTEF-B4
m COORDINATES ANGLEFROM HORIZONTAL

HTEF N73400 E 61541 90
EGUN COMPLETED DRILLER DRILLMAKEAND MODEL HOLESIZE SAMPLEHAMMERWEIGHTFALL TOTALDEPTH

1/21198 2/2/98 Grav@B. Cunningham Failing 1500 3718 in 140 lb/30 in 157.8
IROUNDEL. DEPTIUEL GROUND WATER LOGGEDBt

286.6
; f9.11247.S N. Kldd/SAIC

w A N-VALUE (SPT)
z k 5 NOTES ON:

O RECOVERY% g~ Fkl z ~ WATER LEVELS,

l&’Q 2 Jo ~% ~ e& DESCRIPTION AND CLASSIFICATION CHARACTER OF

~z
co + An. LIMITS % mO Wz DRILLING AND

<< -J- n a

m w w (lj LABORATORY
n TESTING

20 40 60 80 286.6
,.. .
!.. .
,.. .
,,. .
,,. #
,0. .
,.. .
,0. 0
. . . .
,,0 i 5-
,.0 .
,,. , ,

Ss
~A;:: --4
,,. .

1
CLAYEY SAND (SCk tight red, yellow, andyellowish
@: dcnsx C@ subangulacpoorlygmdd fine to mcrhm

&:: ~7-29-,5 ed
Ss ,,! o
2

+%!RLY GRADEDSANDWITfi SILT(SP-SM);dark
,. yellov@hgrafi dense;~. subangulacpomiygraded: fine

to mdwngmmed
Ss A:o:,. 8-6-6
3

CLAYEY SAND (SC~ rnedum browm medium dew,,,, .
.,. . cfartqxsubanguk well gmde~ fine to mediumgmined

— .,.. with somecoarsegtains

ST
,.. b

1
. . . . LEANCLAY(CL) tracesand; lightyellowishbrown,
,., c white,andyellow,dty medurn plasticity sandis fine
,. grained

Sj
h: ~9-~-.38 272.6.,,

. . . , POORLYGRADEDSANDWITHCLAY(SP-SCk Tobacco Road
medhtmred; verydenx ~. subartguhc POOflY~dcd
me to ~~ed

Ss Lb; 23-21-16
5

,,. . samess abovq withsomezonesof cfayeysanrkdense;

Ao:: 15.19.19Ss
6 ,., .

Ss A:O : : 11-17-16
7

sameas abovq moist#,, ,

Ss ;tl; ; 16-24-24
8

same as abovq damp;angular
,,, .

Ss :A~:: lfj.11-14
9 ,., , zonesof clayeysand medium red, white. yefIow, light

Ss ;A :0:: 1~-13-14

10 .,. .

~: :0 : 9.9.I2
262.1 -“ SANDY LEAN CLAY(CL)withclay zones mediumred,

Ss
11 25 white,yelIow:Purple,andomng~ vcsystiffidam~

,,, !

A: O: : : 260.6_
Ss 5-6-8 same as thovq stiff
12 ,.. .

,.. . 259.1-
I ,..

s-r p,,.
2

CLAYEYSAND(SCk medum reskdarqx subatrgulac
,., . poorlygmdd, fine to medisrngrained
,,, .

Ss ‘A’ :0 : 256.6- -jo
., 10-11-18 SANDY LEAN CLAY (CL) with someclayeysandzox

13 . . . . medurn red, puqde, yellow, and white; very stif~ moist
,.0 . 255.1- mdium plasticit~ sand fraction is fine to medurn graincd
,.. .

ST ,.. c no recovery
3 ,,, .

. . .

Ss “A-’ & -,~-,$,4 252.6 -
.,. . /. CLAYEY SAND (SC) sandis silty in plac~,

. .
3S= SPLITSPOON; ST. SHELBYTUB5 srrE HOLENO.

‘s= STATIONARYPISTON PB = PITCHER FINAL LOG HTEF-B4
-.-, —,-— .
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PROJECT IJOB No. ISHEET No. ltiOLE No I

GEOTECHNICAL LOG TEF ] HTEF I 2 OF 5 IHTEI

k :
g :
z i
1- .
n (
Ill (
n

L

40- “:.

45- ““.

50– “:.

55 – ~

/

60- 2

65– “:.

70- ‘“.

~ I I A N-VALUE (SPT)
z
oi-
plu
<w>L
LtJz
-t—
w

251.1

246.1

241.1

236.1,

VOTES ON:
WATER LEVELS,
3HARACTER OF
3RILLING AND
-ABORATORY
TESTING

0-.
>0 b.r
l-z L O RECOVERY%
Qn
~z < + AIT. LIMITS %<<
co

20 40 60 80
14 m

DESCRIPTION AND CLASSIFICATION

mediummdandyellowishbrown with white streaks
mdlum dens= moisu subangulaq poorly gmded sand
fractionis tine to medhsmgrained

o:

,0

0:

‘o

1Ss15c. A’ T8T SILTYSAND(SM) clayeysassdin Iace.ymedium
f“yeilowishbrownwith red bandsan whne streaks rnethum

densq moist subangulm, pearly graded: tine to medium
graincd with lower come in places

A“ ( T3T same as abovq Ioosq weta.
16

Ss
17

Ss

Ss
19

Ss
20

..

A

A

same as above medhm yellowish brown, medium dense

30?33 POORLYGRADED SAND (SP) tmcesilt medium
yellowishbrow ve~ de-, wec subangulw,poorly
graded tine to mediumgmined

Xy Branch
23 .6,

3Tr3- CLAYEY SAND (SC) silty in pkwr+ medhtm reddish
brown and brownish yellow with whrte streaks medium

226.1,

221.1,

216.1

derrsq wec subsngul=, pacxiy gradd tine to medium
grained

3z3m POORLYGRADED SAND WITH SILT(SP-SM~light

~ttomofinterfal; vetydensq wetsubangulaq poorly
ellowishbrown becoming medhtm reddkh brown at

gradd, fine to mdlum grained

AQ

i

Ss
21

Ss

m POORLY GRADED SAND (SP) trace silt light brown,
reddish in placw, very derrsq weu subangulw, poorly
graded; tine to medium grained

4IOLENO.

HTEF-B4

m%3-1

rSITE

same as stbove; with whhe streaks; tine to medium

S= SPLIT SPOON; ST = SHELBY TUBE

FINAL LOGS = STATIONARY PISTON: PB = PITCHER I
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GEOTECHNICAL LOG
PROJECT JOB NO. SHE13 NO. HOLENO.

TEF HTEF 30F5 HTEF-B4

u A N-VALUE (SPT) z +
L. L rfl
>0 Ltl

NOTES ON:

kz n 0 RECOVERYYO gg g~ ~ $
WATER LEVELS,

<cl
a

do >tr. ~ ~ DESCRIPTION AND CLASSIFICATION CHARACTER OF

~z + All’. LIMITS % m~ lu~ n = DRILLING AND
<<
rn w w (lJ

n
LABORATORY
TESTING

20 40 60 80
■ ,!. . 211.1- _ gmin.exkblack pellets (Mn?)

,.0 .
,.0 .
,.. .
,.. ,
,!. o
,!0 .
,.

;; +: 22.32-29,, POORLY GRADEDSANDWITHSILT(SP-SM)trace.-
,,0 . clay in placq light brow. very d-, wec subangulac
,,. . poorly graded fine to medium grainerk black pel)ers (Mn?)
. . . .
,,. .
,.. .
,.. !
,,. 0
,0!

Ss
“A’ ~ -

,., . 22 same as abovq dense
24 ,.. 0

201.1-.,.’
,“!0 .
,.. .
,,. .
,0. .
,.0 !
,.1 .

Ss
A,s,, cl~7,~.-
.!. . CLAYEY SAND (SC); very light brownish yellow with

25 ,4! . 196.1-
white srreaks medium densq we~ subangrdac poorIy

!.0 . gradd fine to me$ium gmincd some Iowercoarse grained
n.)

ST < ) ,.0 .

4
,.. . no recovery

. . . .
,!. .

( )
193.6-

ST ,.. . Tan Clay Interval?

5
norecovery,.. .

,.. .
,0. .

<) 191.6- g~
ST ,,. . CLAYEYSAND(SC~medkmbrowmwecsubanguk
6 ,.. .

,.. . ~rly~dno~ov~inshelby,ube.~fitswn
sho~s meto mcdhmr grasnedsamplewirlr lack pellets

A;:; (~ 4-8-1o
Ss
26

same as above: bccorrdng cleaner at the bottom of the
,.. . intend medium denstx medium graincd
.,, .
.,. .
,,, #
,0! .
,0. . 100-
,,. .
.,. 0

Ss :A:O: 9-13-16“ :. : POORLYGRADED SAND (SP) tmce sih somebandsof
27 .,. , ‘.. . silty sand; light browru medum denx wec subrmgulaq

,,. 0 183. 1- _ . poorly gmde@fme to medhrmgrained black pellets (Mn?)
,.. .
. . . .
.,. .

105–,,1 .
,,, .
,.. .

Ss A; ; : :0 6-6-8 POORLYGIUDED SANDWffH SILT(SP-SM)trace
28 ,,. . clay lightbrown;mediumdense;wec subsngubx pomiy

,,0 . 178.1- gradeckfine to mrxhm grained
,0. . .
,,, ,
,0. . 110 -,,. .
,,. .
.,
,.

Ss +;A,, 25-4448- ...
29

POORLY GRADED SAND (SP) trace siIc light browm Thrker?
‘.. ..,. . very dew wcc subangulr, poorly graded fine to medium

173 .1- .. . .!.0 . gmmed
,,. .
00. 0.

SS = SPLIT SPOON;ST = SHELBYTUBG SITE HOLENO.

PS = STATIONARYPISTON PB = PITCHER FINAL LOG HTEF-B4
.——
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JOB NO. SHEET NO. HOLE Nc

TEF HTEF 4

g
r

DESCRIPTION AND CLASSIFICATION
%
u
Cl

PROJECT
GEOTECHNICAL LOG

w

“Ii
A N-VALUE (SPT)

50
i-z 0 RECOVERY%

~$!
<< + AIT. LIMITS %
03

NOTES ON:
WATER LEVELS,
CHARACTER OF
DRILLING AND
LABORATORY
TESTING

20 40 60 80
. . . ,

Ss
30

Ss
31

Ss
32

Ss
33

. .

. .
0

. .
,.
.,
. .
,.
. .
. .
. .

A’.,
,.
. .
. .
. .
. .
. .
.. .
,.
‘A.
,.

Ao :
,.
. .
.,
,.
. .
. .
. .
. .
. .
. .

.A :

;A

.0

“o

“o

I
1 same as above

1168.1

163.1

158.1.

156.6.

154.1.

152.1.

150.6.

149.6.

147.6.

146.1-

144.6-

143.1-

141.6-

140.1-

138.6-

137.1-

135.6 ~

134.1

I

132.6

20-

25-

30-

35–

I

lo–
1

15-

0

same as abovq with light brownish white clay wisps
dense black streaksand pellets(Mn?k interval is more

. . silty near the top

Santee

hrley Hill

33-X

3Tn

%-mm

Trr

-

.’ SIL1’YSAND(SMk lightbrownishyellowwith light
.” brown zorr~, mc&:m dens? wec subangulm, poorly

Qill
ST
7

ST
8

Ss
34

Ss A
35

same as shove wishlightbrownishwhiteclay wisps: light
“. brownish yellow, wex no recovery in shelbytube,split

spoon lowered downhole to recover sample
(

(

(

(

(

(

!

1 sameasabovq light greenish yellow

..
. POORLYGRADED SAND LSP)trace silt lipht rmeenich

.0

.. yellow becoming light browrrkh yellowa[~e”bo~orn-~~~e
. . interval; medum dens~ we~ subarrgulx poorly graded;
? ~

CLAYEYSAND(SC) morelike a sikv sam-tin .Ilccs;
/

f:

A

light greenish yeUow ~rh white s~;-l–~~~e~,

: ~light yellow, mois~
subartgrd~ poorly gradd, fine grained

,-

mll-1
9 I
Ss
36

Ss A.
37

Ss
38

Ss
39

Ss
40

Ss
41

Ss
42

Ss
43

Ss
44

Ss
$5

n
I

= 6PLITSPOON: ST = SHELBYTUBE pm

m

TRr

ZfT

Rc13

K233-o

Cml-5

m7m

mm

Z’zn

mzT

\2 CLAYEYSAND(SC)silty in placw,, medium reddish
/

yelIow with light brown motti~ merhm derrsq weu
subartgul~ pody gtadd, fine grained; trace heavies

f rPOORLYGRADED SAND WITH CLAY (SP-SC) siky in
low with light greenish gray
angulw, poorIy gmde~ tine

L
ilty in laces; medium reddish

[yellow mqhm d~q we~ su arrgulac poorly gmdcd;

interbedded clayey sand; Iight
greenish yellow with light yellowish red mottf~ Ioosq

n 7 I
weu subartgulw, poorly graded, fine to medkm gmirred ~

A:

.

,.
A:

. .

A“

. .

“A “. .
. .

A“.,
. .

A“. .

“O A;. .

0

(

(

I

7 CLAYEY SAND (SCk medurn yeIIowish brown with
light green wisps of clay; d~rrsq wcc subasrgulw poorly

edhm reddish yellow with
light greenish gray wisps of clayey sarsti hard; we~
medium plasticity, sand fraction is fine to medium grained

LEAN CLAY WITH SAND (CL); inlerval is moresandyin
thelowest0.2-0.3fat. becoming a sandyleanclay

rSILT (ML) trace sand darkyellowishredwith medium
reenishgraymotrlq hard;moisulow plasticity:sand

/-

d= Stationary PISTON; PB = PITCHER FINAL LOG
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GEOTECHNICAL LOG
PROJECT JOBNO. SHEET NO. HOLENO.

TEF HTEF 50F5 HTEF-B4

u A N-VALUE (SPT)
L. UI

z t ~ NOTES ON:
-0
-z a O RECOVERY% ~: gg : ~ WATER LEVELS,

iCt
<

do >~ * *
DESCRIPTION AND CLASSIFICATION CHARACTER OF

~z + AIT. LIMITS % mO qz DRILLING AND
<<
I-J w— h

n 5 LABORATORY
TESTING

20 40 60 80
,.

Ss
:& : ,4-244, 131.1- LEAN CLAY WITH SAND (CL) contilng interbcdded

,. silt in placcs darkgreenishbrown wids a bandof medium
47 ,40 .

129.6-
yellowish red and a band of light ray Isa@;moist

f
Ss

:A::c *5.5~in
medium plastici~ light gmy ban and medum ye[lowish

128.8- rcdband are sinsslarto the previousfew intervals;sand
,.. . fraction is fine to medium gained
.0. 0 ~
,0. . FATCLAY(CH) tmee sand vq dark bhekish grem,
,.0 . Iasticiy, sand fraction is fine gmind
,). .
,0. . same as above; material in shoe is medium orange silty
,.1 0 sand (top of congaree?)
,.0 .
,0. .
,0. .
,.! !
,.! .
,.. 0
,0! .
,.. .
,., ,
,,, , ,
,., !
,0, .
,,, ,
,,, ,
,.0 .
,,. .
,.. .
,., !
,,, .
,,. ,
.,. ,
,.. .
,.. 0
,.. .
,!. .
,,, .
,., .
.,, ,
,., .
,0, .
,., ,
,,, .
,,, .
,., .
. . . .
,,, ,
,,, .
,.. 0
.,. ,
e.. .
,,. .
,0, ,
,,, .
,,. .
,,, ,
,., ,
,., ,
,., .
,,, ,
0,. .
,,. ,
,.! ,
,,, ,
,,, .
,.. ,
,., ,
.,, #
,,, .
.,, .

,,0. .
,.. .
,., ,
,,, .
,.. ,
,.. c
,,. ,

S = SPLITSPOON; ST = SHELBYTUBE SITE HOLENO.

S = STATIONARYPISTON PB = PITCHER FINAL LOG HTEF-B4
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GEOTECHNICAL LOG
PROJECT JOB NO. SHE= NO. HOLE NO 1

TEF HTEF 10F5 HTEI
im COORDINATES ANGLE FROM HORIZONTAL

HTEF N73467 E 61628 90
IEGUN lt20MpLETED 10RILLER IDRILLMAKEAND MODEL lHmE SIZE ISAMPLEHAMMERWEIGHTIFALL TOTAL DEPTt

2

w
n.
>0
i-z
&n
~z
<a
OY

1/12/98 I 1128198 ] Graves/A. Jackaon&E. P1tsa Failing 1500 3 7/8 in 140 lb/30 in 156.0
iROUND EL DEPTHIEL. GROUND WATER LOGGEDBy

1
$ ?9.71247.4V28198

Ss
1

-n--
2

F
3

Ss
4

Ss
5

w
6

F
7

Ss
8

Ss
9

Ss
10

Ss
11

Ss
12

F
13

w
14

Ss
15

A N-VALUE (SPT)

0 RECOVERY%

+ All_. LIMITS ?4

20 40 60 80
. . . .
. . . .
. . . ,

. . . ,
A “o’”,.. .
. .

A’ “o::
. .

. .

. .

.,
A.

,.

. .

. .

. .

.A .

. .

A

,A

A

:A

A

A“

A“

A

,,
.,
,,

, 0:
,,

a 0:
,,
.,
.A. O
.,

Ab.,. .
.0 ~
. .
. .
. .0
.,

A(i)
. .

0:
. .

,0 :
.,

. 0:

. .

: 0:
.,

: 0:
. .
.,
. .
. .
. .
,.

:0
.,

:0
,.
. .
.,
. .
. .
.,
,.
.,
. .

c

;S= SPLITSPOON: ST = SHELBYTUB5

‘s = STATIONARYPISTON PB = PITCHER T
SITE

z
ot-~w<w
>tL
tjz
w—

2871-

282.6,

281.1,

279.6,

278.6,
278.1.

276.6,

275.1,

273.6,

272.1,

270.6.

269.1,

267.6,

266.1,

264.6,

263.1,

262.Q
261.6

259.1,

257.6

256.1

R. Gelinas/SAIC

DESCRIPTION AND CLASSIFICATION

NOTES ON:
WATER LEVELS.
CHARACTER OF
DRILLING AND
LABORATORY
TESTING

i

,-

CLAYEYSAND(SC) trace croshed stone and blue plastsc
(FfLL) medium brownish red. mdsm dense. moisr
subarrgulm, poorly gmde~ fine to coarse gmsned

same as abovq with chunks of gray clay (probable FfLL);
medium reddish brown and gray; loose

same x above; medium dense

SANDY LEAN CLAY (CL) witfr clayey sand interbdy
mexhum rcdd~h brow, very stiffi moisu medium

lo– r
EAN CLAY WITH SAND (CL); red, brown, and fight

gray hard; mois~ medhrm plastici~ sand is tine grarrted
I

sameas above; some sarrdy silt irrterbe&, sand is very fine

cZA
d. CLAYEY SAND (SC) with light gray coarser zones and

few Iight yellowish gray lean clay interbeds: medhrm

15 ““’ brownishred medum dense moist; angrd~ pcmrly
graded; sand is fine to medurn grained r/
SILT(ML).tmcetine san~ medium yellowish gray and

Itv f
CLAYEY SAND (SC) with km clay interbti. medium
brownish red with yelIowish brown clay laye~, very densq
moisu subangulw, poorly gradet fine to medmm grained

+iii

.. . SILTY SAND (SM) with some claye sandzonesanda2
fZ. .,. in yellowish gray coarse sandy lean c ay layer at 18.2 fee~

medium brownish red, densq moisu suban ulrq poorly
grsdd sand is fine to lower coarse graitref d

25I!i!l‘–e’
..CLAYEY SAND (SC) wifh a 2 inch yellowish gmy

graveIly leanclay layer at 20.5 fee~ medum brownish m
. . medhtm dense; we~ arrgulm, poorly gradti, medhtm to

SILTYSAND(SM)withcIayey sand imerbe& light
.’. . brownish red, red and light gray medktm densq mois~
‘. subangul~, poorly gradd, tine to meclhm grained

i

fiiHLCLAYEY SAND (SC); medium brownish gray with some
yellowsh brown zonq medhm dense; dam~ subangulw,

rlygradd fine to mcdhsm grained ‘lH
I

- POORLYGRADEDSANDWITHSILT(SP-SM~
msxihtm rufd~h broww me&um detrsq wet subangulr,

ned
ILTWfTHS~D (MLXfight gm~ very stiffi darn~ low

30-
7 ISverv ~

C SILTWITHSAND(MH); medium brownish
red, light g~y, and.whit~ damp; medium plasticity; sand is

LEAN CLAY WITH SAND(CL} mediumyellowish
brown, red, and whitq stiffi dam~ medhm plasticit~ sand

/1

is fine to medium grained -

I

Tobacco Road

v>!

HOLE NO.

~ HTEF-B5

/
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GEOTECHNICAL LOG
PROJECT JOB NO. SHEEf NO. HOLE NO.

TEF HTEF 20F5 HTEF-B5

I A N-VALUE (SPT) z k g
:0 y ol- Z

NOTESON:

*Z O RECOVERYYO gg pw z
WATER LEVELS,

z a~ti * ~z DESCRIPTIONAND CLASSIFICATION CHARACTEROF
“n
;Z

Jo
:a m + ATT. LIMITS% mu ul~ n a DRILLINGAND

i u
w (I’J
0

LABORATORY
TESTING

20 40 60 80
W

I
,.. . 6-7-11 CLAYEY SAND (SCk tncxhumbrownandwhk medum
,0. . densq moist subanguk poorlygmdcrkfine to medum
,.0 0 gmined
,.0 .
,,. .
,.. .
,.. .
,!0 o

Ss
A’ ‘ ‘ :0 3.5.7,..

19
swne a5 abovq angular

,.. .
0.0 0
,0. .
,!. o
,.! ,
,!. .
,!. .
,!. .

Ss
A, . . .0 -3-7

,.. .
20

mm x abovGmechumyellowishbrown.=d~~h brown.
,.! , and sed Ioow subangukw
,,, , ,
,0. .
,,0 !
,.0 0
,.! .
,0. .

Ss A: : B :0 47-8
,.. .

21
sameasabovq medium dense

,0. .
,.0 ,
,0. .
,!. .
. . . .
,0. .
,,. .
. .

Ss
-n:: 13-24-28

22
SILTYSAND (SM~ medium brownishyellow,veryderrx Dry BmnelI

,.. . wecsubatsgularpoorlygsadd. fine to rnedhsmgmined
.,. . 231.l_,.. .
,.. .
,.. .
,.. .
,.. .
,,. .

Ss A: : : : 0 2-1-8 CLAYEY SAND (SCk medium redd~h brown: loose wcc

23
,.. . subangulw, poorly graded fine to medhrmgrained
,.. .
,0. .
,.. .
#.. .
,,. .
.,. .
,.” “

Ss
~:Q 4-15-24 SILTYSAND(SMk medium brown andmedium raidish

brown: dense we~ subrmgulm. poorly graded; fine to24 ,0. .
221 .1-,.. . medium grained

.,. .
,.. 0
. . . .
,.. .
,.0 .
,,. .

Ss , 0: 14.24S‘A’,,
25

POORLYGRADEDSANDWITHSILT(SP-SM]
,.. . medhtmbrowx den% wec subongulr, poorlygraded
.,. . 216.1- fine to mechurngmined
,.. c
,.. .
.,. .
,.! .
.,. .
,,

m A :0 : .’ .

Xi= SPLIT SPOON; ST= SHELBY TUSG SITE HOLE NO.

‘s= stationary PISTON PB = PITCHER FINAL LOG HTEF”B5
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GEOTECHNICAL LOG
PROJECT JOB NO. SHE= NO. HOLE NO. 1

L! A
s-.
+0 Al
-z n o
iO
~z a +
<<
n

Ss
26 1

Ss
27

Ss
28

Ss A
29

ST
~

Ss
30

Ss
31

Ss
32

Ss
33

I

Ss
34

I

N-VALUE (SPT)

RECOVERY Y.

AIT. LIMITS Yo

20 40 60 80

A

A“

&

h:

A

qJ

“o ‘

,,

;s = SPLITSPOON; ST= SHELBy TUBE

I 1-20-22

-- 0

.- 3

?H/12in-l

6-11-26

.- 0

187.1

I
-- 17

182.1

-- 16“

177.1

. . 14

plz
m

211.1.

206.1.

201.1

196.1

194.6

193.6
193.1

192.1

TEF HTEF I 3

k 101
~ c

x
z a DESCRIPTIONAND CLASSIFICATION

<
k m
w frJ
n

same as Aovq some silty sand inrerbeds

II
80- ;:.: POORLYGRADED SAND (SP) ~e silt fight browrc

densq we~ subangulac pooriy gradd, fine to medium
- _ grained

85-;““.same as above medhm densq a.ngulrwmedium to Iow.x
coarseg@red; nace charcoaf? fragments

SANDY LEAN CLAY (CL) with someclayey sandlayers
medum browm sofc mois~ meditm plasriciy, sand
fraction is fine grained

CLAYEYSAND(SC);mediumbrowmwec subangulw,
poorlygmded;sandis fine to mediumgrained

/
SANDYLEANCLAY(CLk medium browrx weu medium
plasticiy, sandfraction is tine to medkm gmined

I
CLAYEYSAND(SC) withsilty sandinterbti, medium
broww dertsq wec subangulac poorly gmdeck fine to
come grained

- :. : POORLY GRADED SAND (SP) tmce silt light browrv
‘.. . densq wet subangul=, pooriy gradd, tine to mechum

1oo- _ grained

POORLY GRADED SAND WITH CLAY (SP-SC) and
sandwith silt inrerbeds;medhambrowm medkrm densq
wec subangulw, poorly graded tine to medium grained

{1

lo~POORLYGRADED SAND (SP) rmce silt light brown;
de~e, wet, subangukw poorly graded, fine to medmm

I

j . POORLY GfL4DED SAND WITHSILT(SP-SMh
medium bmwm, medhm dense wec ongulrw

% = Stationary PISTON; PB = PITCHER FINAL LOG

IOTES ON:
VATER LEVELS,
:HARACTER OF
)RILLING AND
ABORATORY
“ESTING

‘op Tan Clay

lottom Tan Clay

finker?

,

4IOLENO.

HTEF-B5
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GEOTECHNICAL LOG
PROJECT JOB NO. SHE= NO. HOLENO.

TEF HTEF 40F5 HTEF-B5

u A N-VALUE (SPT) z & *

& ~ ol-
NOTES ON:

O RECOVERY’YO g~ <u z $~w WATER LEVELS,

Q“n z Jo >L x DESCRIPTION AND CLASSIFICATION CHARACTER OF

~z
m + ATT. LIMITS% mO Wz t- %

n a DRILLING AND
<< J— Lu
tn w 0 0 LABORATORY

TESTING

20 40 60 80
,.. . poorly graded fine to lower coarsegmined
,.. #
,.. .
.00 .
00. 0
.,! .

Ss
:0+: 54g-34 . . . POORLY GRADED SAND (5P) trace silt with some

35 “.. .,.. .
167.1- ~~~ .“”.

poorly gradedsandtraceclay irrterbeds mcxhumbmwrx

Ss
A’ ‘ ‘ ve~ dcnx we~ subarrgrrlq poorfy graded fme to medium

,., ! 12-16-19
36 ,.. . no mccwerjccatcherteethmosrfy bmkcrr

A 165.6-
Ss

“ o:,,0 12-21-19 CLAYEY SAND (SC) with irrterbedsof ~rly gmded Santee
37 ,!0 . sandsrrdsilty aartt medkm brown and hght brow.; dertx

Ss
A’ B ‘ wec subarrgtdw,poorfygmded fine to mediumgmmed:

111817.-,.. .
38 !.. .

‘A - ‘ ‘ (348,5 sameasabove:moist few black charcoal fmgmems
Ss .-,0. .
39 ,0, 4 CLAYEY SAND (SC); light gmy and brownish gmfi

‘A’” (Ss
med~umde+se;mo@ angulac poorly graded fine to upper

,.. . ] 10-8-15
40 ,,, , sameasabovtx light greenishgmy, wet subarrgular

,, A@ ~&2435-Ss ,,. . same as above with 0.5 in limestonelayem light greerx
41 .,, vety dense;mo”x very fme to fine gmined

SABSs
:0 .-

,., 0
42

same as above: with highfy weathered limestone fragments
,,, and ~ome sqdy lean clay Iayem, de=, we~ tine to

Ss
,. .A:O -

-41
43

,.. c smneasabove with limestone fragments andsomesilty
sandintcrbeds very densq arrguiac fine to lower coarse

:A:::
Ss c1~. .815
44

:. -’ SILTYSAND(SM) traceciay.rmd highly weathered,.. .
-.. limestone fragments fight greenand gmyish grcerc.. .

i:: :0 153.6-
Ss

meditm. dense;wec angtrlm. poorly grade~ very fine to
9-11-8 .. ed f

45
,.. . . . sameas.abovq trace fine shell fragments subarrgulacvery

A;::O: 152.1_ ~~~__ : me _

Ss 4-5-9 .
46

. . . # sameasabovq angular
..

A: : ; : C3 150.6_ .. .
Ss 7-5-4
47

CLAYEYSAND(SC)withsome silty sand rmce clay.,, . laye~ light greenand brownish rem Im% wec.,. , f
ST

subarsgulrwpoorfy graded;very me to fine gmined,.. .
f

3 ,,. , shelby tube lost down holq overshoot with f~hing tool by I. . . # ft to extract tube: no recovery and tube darnagedkiiscarded
,.. .

146.9- 140 -—,,. .
,,. .
,,, .

Ss 4::: 0 6-6-12
48

CLAYEY SAND (SC) with some silty sandinterbed.s light
.,, , brown with light gmy zon~ medhrn dens%moist
,,

Ss :A: (+ ,-~~~ ~ subarrgtdac poorly graded vety fine to tine graincd
,, f

49 ,,! ,
,,.

same= abovq with 0.5-1-5 inch dia white silica nodukq

Ss :A (337434 5,., SILTY S~wD (SMk light greenish bmwm very den.%
50 ,,, , moisu subangukw poorfy graded vety tine to fine grained

,,. . 11j 140.6-
:; .,, . -- 5 no recovey, catcher is good

,0. .

Ss A; ; :0 ‘21.1$+1g- 139.1-
: : sameasabowx de= wec tine to medium grained

52 ‘.. .,,. .
,. 137.6- .. .

Ss A’ ‘. . . . 16-25-29
53 150 - no recovery catcheris good

,,. .
. . . .1 q 136. 1-

Ss . . . . 6-38-72
54

SILTYSAND (SM) with I@htgray leanclay ripup clasw,
,.. . medirm yellowish brown with ii ht gmy bIebS-very dcna~
,,, . 134. 6- fdqmfx subangulw poorly grade ; clay content u-creases

I ,0 with demh
Ss ‘A ‘ (31~2937-. .,.. . LAYGY SAND (SC); medum yellowish browq: very
55 ,.. . dens~ darn% subzrsgulq poorly gtitdcd; fine gmmed

‘A.’ o 132.6- f Warlcy Htll

SS = SPLITSPOON;ST = SHELBYTUB5 SITE HOLENO.

PS = STATIONARYPISTON;PB = PITCHER FINAL LOG HTEF-B5
.-..,. .. ....-. . ... ... ,, .,.,.. .,- . ... . .
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iJOE3NO. lsHEH No. HOLE NO. i

GEOTECHNICAL LOG

A N-VALUE (SP~

O RECOVERY%

+ ATT. LIMITS %

20 40 60 80

S = SPLITSPOON; ST = SHELBYTIM=

‘s = STATIONARYPISTON PB = PITCHER

PROJECT

rWI-E

z
0+
plu
<~>LL
Wz
-1-
Us

131.1.

TEF IHTEF15 OF 5 ]HTEF

DESCRIPTION AND CLASSIFICATION

SANDY LEAN CLAY (CL~ dark grayish greeq very
clav 1

same as abov~, hard moist sand is very tine to fine
gmined

FINAL LOG

NOTES ON:
WATER LEVELS,
CHARACTER OF
DRILLING AND
LABORATORY
TESTING

4IOLENO.

HTEF-B5

,
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—

GEOTECHNICAL LOG
PROJECT JOB NO. SHE= NO. HOLENO.

TEF HTEF 10F2 HTEF-B6
E COORDINATES ANGLE FROM HORIZONTAL

HTEF N73305 E 61640 90
:GUN COMPL!3ED DRILLER DRILLMAKEAND MODEL HOLESIZE SAMPLEHAMMERWEIGHWFALL TOTAL DEPTH

1128198 1/29198 @avedE. Plush FaiIing 1500 37j8 in 140 lb/30 in 36.0

IOUND EL. DEPTWEL. GROUND WATER LOGGED BY

291.6 g ; R. GeIinas/SAIC

J A N-VALUE (SPT)

Jl
z t g NOTES ON:

:0
n O RECOVERY ~0 g~ &J : ~

WATER LEVELS,
-z

SY n DESCRIPTION AND CLASSIFICATION CHARACTER OF

;Z < -0
+ AIT. LIMITS % mu Ill=

1- <
L u DRILLING AND

~a
9 w Ill (l-J LABORATORY

n TESTING

20 40 60 80 291.6
,.. !
,.. .
,.. .
,.. .
,,. !
,.. .
,.. 0
,,. 0
,.. ,
,,! . 5-
,.. .
.- 0.,
,0. .
,.. 0
,,. .
,.. .
,.. .
. . . .
,,, .
,,. , lo–
,.. .
,.. .
. . . !
. . . .
,,. .
. . . .
.,. .
,,. .
,.. ,
.,. , 15-
,,. .
.,, .
. . . .
,,. .
,,. ,
,,. .
.,. .
,0. .
,.. 0
,,. , 20 –
,.. 0
,.. .
,.. .
,.. .
,,. #
,.. 0
,,. .
,.. .
,,. !

2s -,.. .
,,, .
,,. .
,,. #
.,. .
,.. .
,.. .
,0. .
,,, .
.,. .

30 -,.. .
,,. .
,.. 4
,,. .
,,. .
,.! .
.,,
.,. :1 q)

ST ,.. . / CLAYEY SAND (SCk medium brown. yellowish. . . .

S = SPLIT SPOON: ST = SHELSYTUB5 SITE HOLENO.

‘S= STATIONARYPISTON PB = PITCHER FINAL LOG HTEF-B6
—- —. ..= .—— . . .
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PROJECT lJOB No. lsHEH No. IHOLE No. I

GEOTECHNICAL LOG TEF

u
L.
*O
-z
in
~z<<
n

T-

A N-VALUE (SPT)

O RECOVERY Y.

+ AIT. LIMITS %

20 40 60 80

;s = SPLITSPOON:ST= SHELBYTUB=

T
w-l

255.6.

k
~
si-nun

IHTEF12

DESCRIPTION AND CLASSIFICATION

brown, light gray, andpurplq darn%angul~ poorly
gradd, ftne to medium graincd gradingto tine to lower
come grained

W = STATIONARYPISTON;PB = PITCHER I FINAL LOG

)F 2 IHTEF

dOTES ON:
VATER LEVELS,
;HARACTER OF
)RILLING AND
ABORATORY
:ESTING

iOLE NO.

HTEF-B6
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GEOTECHNICAL LOG
PROJEOT JOB NO. SHE= NO. HOiE NO.

TEF HTEF 10F3 HTEF-B7

m COORDINATES ANGLE FROM HORIZONTAL

HTEF N73400 E 61535 90
EGUN COMPL13ED DRILLER DRILLMAKEAND MODEL HOLESIZE SAMPLEHAMMERWEIGHTFALL TOTALDEPTH

2/2/98 216/98 GravesjTL Cunningham Failing 1500 3718 in 140 lb/30,in 100.0
ROUND EL. DEPTWEL. GROUND WATER LOGGED~E

286.6 : ; R. Gelinas/SAIC

w A N-VALUE (SPT)
L. .lJ

z t g
>0

NOTES ON:

+Z a O RECOVERY Yo ~g & ~ ~ WATER LEVELS,

~n
a Jo SR ~ r& DESCRIPTION AND CLASSIFICATION CHARACTER OF

~z -1- An. LIMITS % mO ul~ DRILLING AND
<< n c

n Ill UJ (lJ
n

LABORATORY
TESTING

20 40 60 80 286.6
,00 .
,0! 4
..0 .
,,. .
,,. .
.,. .
,.. .
,.. .
,.. .
!.. . . 5-
,,, .
,.OO ,
,., ,
,.! #
,.. 0
.,, ,
,,. .
. . . ,
,.. .
,.. . lon
,,, ,
,.. 0
,,. ,
,.. .
.,. .
,.. .
.,. .
. . . .
,.. .
,., . 15-
,.. .
,.. .
,.. ,
.,. ,
.,. .
.,, ,
.,. ,

.,. , .
,,. ,
,., . 20–
,.. .
. . . .
,,. .
,.. .
,,. ,
,,, ,

‘.!.
.,, ,
. . . ,
,,. . 25-
,.. ,
,.. ,
.,, ,
,.. ,
,,, .
. . . .
,.. ,
,.. .
,.. .

30-,., ,
,.. .
,.. .
,.. .
,.. .
,.. .
,., .
,,. ,
.,, ,

;S = SPLIT SPOON; ST= SHELSY TUBE sm HOLE NO.

‘s= stationary PISTOM PB = PITCHER FINAL LOG HTEF-B7
—. .-
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lJOB No. /sHEET No. lHOLE NO. 1

w
a.
>0
i-z
n“ n
~z
<<
m

GEOTECHNICAL LOG
PROJECT

A N-VALUE (SPT)

O RECOVERY%

+ ATT. LIMITS %

20 40 60 80

. .

SPOON;ST= SHELBYTUBE

‘S= STAmONARYPISTON:PB = PITCHER rSITE

1-
IL
~

z
1-
CL
w
0

40-

45-

50-

55-

60-

65-

70-

—

TEF HTEF \ 2

DESCRIPTION ANDCLASSIFICATION

FINAL LOG

NOTES ON:
WATER LEVELS,
CHARACTER OF
DRILLING AND
LABORATORY
TESTING

IOLENO.

HTEF-B7

/



K-ESFM+-0001(1
Rev. 2

@
: 8“3/ September 2000

—

GEOTECHNICAL LOG
PROJECT JOB NO. SHEET NO. HOLENO.

TEF HTEF 30F3 HTEF-B7

Is A N-VALUE (SPT)

m
z t $ NOTES ON:

:0
-z a O RECOVERYYO 3=2 :~ z ~ WATER LEVELS,

<~ ~s >L DESCRIPTIONAND CLASSIFICATION CHARACTEROF
f~z < + AIT.LIMITS% ma Usz %
& a

DRILLINGAND
<< -l—
0 w 9 a LABORATORY

TESTING

20 40 60 80
,.. I
,.. 0
,,. .
,.. .
.’, #
,!. .
,0. .
,.0 0
,.. .
,0. . 80-,.. 4
,!. .
.0. .,
,., i
,.0 .
,,. !
,.0 ,
,.. .
.,. .
.0. . 85-,.0 .
.,. . .
,0. .
,.0 .

Ss A :0::: -84
,!0 o CLAYEYSAND(SC} mediumbrownwithsome black

1 spoq muhsm denss wet angul~ fine to lower coarse

Ss
A: : : : (3 ~+y

.,, ,
~

above;subangulac parly graded fine to medhrm

:0::: 4-34
‘,, . . sameasabovq with crushedstone fragments(cave

3 ,.. .

A: : : : (3 ~-~~

4
.:. : SILTY SAND (SM) whh clayey sandinterbeds medurn

,. -, brown; loos? wec subsngulac poorly graded fine to..

Ss
:A:::O 49.15 192.6-

5
,. -.,. , sameasabowx rraeeclqc medium dense tine to upper

medium gmined

Ss A:: :0 15416
6

CLAYEY SAND (SC) with silty sand inrerbedq medium,,. , brown with black Mn zones medhtm den% wec

Ss :A; :0 : ,~.,~-,~ subangulac poorly grarkk fine to medium grain”kd
.’ . r

7 ,.. , .. POORLY GRADED SAND WITH SILT (SP-SM~ light

Ss A; ; ; ; (3~-~ brown with blackMn zonrs; mediumderr.wwet
subanguIacpoorlygmded tineto mediumgrairred

8 0.. . r
,.. . CLAYEY SAND (SC} medium brmvn, light brown susd
,.. . light gmy; medum dens%we~ subangulw, poorly gmded
.,, , tine to lower medium grained
.,, #
. . . .
,.. .
.,. .
,.. .
.0. 0
,.. .
,.. ,
,.. .
,0. .
,.0 #
,.. .
,.. .
,.. .
. . . 0
. . . .
,.. .
,.. .
,!. .
. . . .
.0. .
,.. .
,.. .
. . . .
,.. .
. . . .
,,. .

S = SPLITSPOON:ST = SHELBYTUB= HOLE NO.

‘S= STATIONARYPISTON;PB = PITCHER FINAL LOG HTEF-B7
.
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100

90

80

70
cc
w
: 60

—

GRAZh/ SIZE DISTRIBUTION TEST REPORT6 &c“.N.:dd.
00

20

40

0
200 100 10.0 1.0 0.1 0.01 0.00:

GRAIN SIZE ~ mm

Test % +3” % GRAVEL % SAND % SILT % CLAY
ii 0-0 0.0 73.9 7.1 19.0

,
.5

LL PI Df35 0f30 D50 03(3 - D45 Dlo cc c“
50 27 0.03 0.28 0.18 0.091 *

I I I 1 I I 1
MATERIAL DESCRIPTION

} Red Brown-Tan G White Clayey Sand

>roject No.: 50161-7-0106.12
3pOjeCt: Tritium Extraction Facility

) Location: HTEF B-1 Jar SS-9 @ 17-1!3.5 Ft.

late: Jan.15. f99El

GRAIN SIZE DISTRIBUTION TEST REPORT

1 AW ChIf2TNlmrnT~tfi 7hfn

i
I

.
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GRAIN SIZE DISTRIBUTION TEST REPORT

100

90

80

70
m
w
z
H 60
L

$ 50

0
cc
~ 40

30

20

10

0
200 100 10.0 1.0

GRAIN SIZE ~
0.1

mm
0.01 0.001

lTest % i-3” % GRAVEL % SAND % SILT % CLAY .
I 1 0.0 0.0 04.8 6.4 8.8

&

.

LL PI 085 D&) D50 D30 - D~5 010” . cc c“

) 37 12 0.72 0.36 0.28 0. i74 0.’0652 0.0073 11.35 49.5

....
I I I 1 I I I

MATERIAL DESCRIPTION

Jroject No.: 50161-7-010S Task 12
>poject: Tritium Extraction Facility

o Location: HTEF B-1 ST-2 @ 42-44 Ft.

Date: Jan.27. 1998

I I I

Uses I AASHTO

=
Remarks:

Tested by: SC

Reviewed by: +

Consolidation Sample

GRAIN SIZE DISTRIBUTION TEST REPOFIT
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I

100

90

GRAIN SIZE DISTRIBUTION TEST REPORTi S;C

80

70
u
w
z
H 60
L

~ 50
L1
u
: 40

30

20

10

0
200 100 10.0 i.o 0.1 0.01 0.001

GRAIN SIZE --mm 4

Test % +3” % GRAVEL % SAND % SILT % CLAY ‘
I 9 0-0 0.0 ,, 81.9 - 10.0 8.1

LL PI D85 D&) D50 D30 D35 D~o “ cc “ c“

} 38 ii 0.29 0.19 0.17 0.122 0.0163 0.0085 9.40 22.2

I ...

I 1 1 I I 1 1

MATERIAL DESCRIPTION

B Tan Brown Silty Sand

Project No.: 50161-7-0108.12

Project: Tritium Extraction Facility

b Location: HTEF B-1 Jar SS-26 @ 47-48.5 Ft.

Date:- Jan.i5. i9S18

GRAIN SIZE DISTRIBUTION TEST REPORT

Remarks:

Tested by: 5 c +JC*

Reviewed by:
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100

90

80

70

30

20

10

0

GRAIN SIZE DISTRIBUTION TEST REPORT

200 100 10.0 1.0 0.1 0.01 O.ooj
GRAIN SIZE - mm

Test % +3” % GRAVEL % SAND % SILT % CLAY

io 0.0 0.0 83.2 3.4 13.7 ‘

i

LL PI D85 “ D(3fJ D50 D30 . D45 Dio cc c“

40 13 0.57 0.30 0-24 0.$.45 0.0106

. ...

MATERIAL DESCRIPTION I Uses I AASHTO

I f3rown Silty Sand SM A-2-6(0.Q

1 I

Jroject No.: 50161-7-OIOB .12 I Remarks:

~roject: Tritium Extraction Facility

I

Tested by: -J-
~ Location: HTEF El-1 Uar SS-34 @ 59-60.5 Ft.

Reviewed by: \ti

late: Jan.15, 1998 ,

GRAIN SIZE DISTRIBUTION TEST REPORT 1

LAW ENGINEERING, INC. II Fiour=e NO
—.-——vm. ,.. .—, . . -,- --Z-7m.. .. . , . .=-- -., .,,, .,.. ..s -—- f-.-—- --
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GRAIN SIZE DISTRIBUTION TEST REPORT2
k . . .

100

90

80

70
u
IJJ
z
II 60
L

t-
Z 50
u
u
u
u 40
n

30

20

10

0

W

:-

200 100 10-0 1.0 0.1 0.01 0.001
GRAIN SIZE -- mm

Test % +3” % GRAVEL % SAND % SILT % CLAY ,
0 14 0-0 0.0 93.2 3.7 3.i

..f.-

LL PI D85 0(30 D50 D30 D15 Dlo cc c“
D NL NP 0.81 0.49 0.39 0.213 0. i406 0.1156 0.80 4.3

I I I I I 1 I

MATERIAL DESCRIPTION

● Tan Brown Poorly Graded Sand with Silt

Project No.: 50161-7-0108.12

Project: Tritium Extr’action Facility

s Location: HTEF B-1 Jar SS-47 @ 78.5-80.0 Ft.

Date: Jan.i5, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW EhJGTNFFRTNG TNfI

I I I ...

=+===

Remarks:

Tested by: sC=&~7~

Reviewed by: &

-. — . .
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GRAIN .SIZE DISTRIBUTION TEST REPORT

I 200 100 10.0 1.0 0.1 0.01 O.ooj
GRAIN SIZE - mm

Test % +3” % GRAVEL % SAND ‘- % SILT
● 3 0.0 0.9

% CLAYC
88.6 3.2 7.3 ‘

/
‘-*-

LL PI Df35 “ Df=jo D50 D30 D15 Dlo cc c“

● NL NP 1.36 0.60 0.47 0.297 0.$750 0.0522 2.81 “11.5

I I 1
I I I I 1 I 1

MATERIAL DESCRIPTION

● Brown well Gpaded sand with silt

Project No.: 50161-7-0108.12

Project: Tr’itium Extraction Facility

● Location: HTEF B-1 St-4 @ 96-98 Ft.

IIDate: Feb. 1S,1998

II
GRAIN SIZE DISTRIBUTION TEST REPORT

II LAW ENGINEERING. INC.

I I I

Uses I AASHTO

!W-SM A-1-b —

Remarks:

Tested by: 5~

Reviewed by: *

Consolidation ‘&mple

Figure No.
J’. ~,; ~ . ..- .->,.> ,.,. --- .— --- -

F
: , - ... ‘? . $ . . ...?.. .,.-..~~ . . . . . .- :-.~~.~ . “.,. ‘ ‘-,”.~-<--~

,.. . ... >
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100

90

80

70
a
w
zH 60
k

z 50
wu
: 40

30

20

10

0

GRAIN -SIZE DISTRIBUTION TEST REPORT

200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE ~ mm

Test % +3” % GRAVEL % SAND “ % SILT I % CLAY ,
17 0.0 0.0 94.5 0.5

&

LL PI DfJ5 D(3) D50 D30 . 045 Dlo cc c“

NL NP 0.41 0.33 0.30 0.233 0 .x1730 0.1282 1.29 2.6

I I f I I I I

MATERIAL DESCRIPTION

I Tan Brown Poorly Graded Sand with Silt

)roject No.: 50161-7-0106.12

>roject: Tritium Extraction Facility

~ Location: HTEF B-1 Jar SS-59 @ 101-102.5 Ft.

late: Jan.15. 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC ~

Remarks:

Tested by: s~~~~ ,

Reviewed by: k

N n
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GRAIN .SIZE DISTRIBUTION TEST REPORT

200 100 10.0 1.0
GRAIN SIZE - mm

O.i 0.01

Test % +3” % GRAVEL % SAND % SILT I % CLAY
) 16 0.0 0.0 09.0 li. o

,f:

LL PI D85 D60 D50 D30 015 D1o cc c“

B NL NP “0.33 o.2i 0.f8 0. i35 0.1081

I I I I 1 I I

MATERIAL DESCRIPTION

● Tan Brown Poorly Graded Sand with Silt

Project No.: 50161-7-0108.12

Project: Tr’itium Extraction Facility

● Location: HTEF B-1 Jar SS-73 @ 122-123.5 Ft.

Date: Jan,15, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

1. AW ENGINEERING. INC.

I I I
Uses I AASHTO

SP-SM A-2-4(0.4).

Remarks:

Tested by: s~~~~

Reviewed by: Lb

Fjoure No.
.— .-—. . I
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ioo

90

80

70
u
w
z
H 60
IL

l--
z 50
w
u
K
w 40
n

30

20

10

0

GRAIN .SIZE DISTRIBUTION TEST

200 100 10.0 1.0 0.1
GRAIN SIZE - mm

REPORT

0.01 0.00:

, I

Test % +3” % GRAVEL % SAND % SILT % CLAY

~ 12 0-0 0.0 83.0 7.7 9.3
.
.$-

LL PI DB5 060 D50 D30 D45 Dlo cc c“

) NL NP 0.24 0.16 o.i4 0.103 0.0682 0.0301 2.20” 5.4

I I I
MATERIAL DESCRIPTION

E Tan Brown Silty Sand

Project No.: 50161-7-0108.12

Project: Tritium Extraction Facility

b Locatjon: HTEF B-1 Jar SS-82 @ 135.5-137 Ft.

Bate: Jan.15, 199S

GRAIN SIZE DISTRIBUTION TEST REPORT
—

I I I --

-Uses I AASHTO

WI A-2-4 (CLO)

Remarks:

Tested by: sc~~~

Reviewed by: w



1

/ C-//
K-ESR-H-OOO1O

Rev. 2
September 2000

GRAIN SIZE DISTRIBUTION TEST REPORT
t+ . . .

100

90

80

70
u
w
z
I-I60
L
1-
Z 50
w
u
m
w 40
n

30

20

10

.0

—.
c cc

I . . t f I 1 I II I I t I 1 1 I I
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GRAIN SIZE - mm

1
Test % +3” % GRAVEL % SAND- % SILT % CLAY

) 2 0.0 10.9 69.8 7.0 12.3

$

LL PI Df35- 060 D50 D30 D~5 Dlo cc c“

P 42 18 1.23 0.33 0.25 0.146 0.0090 0.0018 36.69 188.6
.
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MATERIAL DESCRIPTION

● Brawn & Purple Clayey Sand

Project No.: 50161-7-0108 Task 12

Project: Tritium Extraction Facility

● Location: HTEF 6-1 ST-5 @ 143.5-145.0 Ft.

Date: Jan.27, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC.
.—

I I I

-F=
Remarks:

Tested by: SC

Reviewed by: Ih

Figure No.
—., , -—. -1
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GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE.- mm

Test % +3” % GRAVEL % SAND % SILT % CLAY
~ 13 0.0 0.0 88.1 1.0 10.1

g

LL PI DB5 060 D50 D30 D15 Dio cc c“

) 32 5 0.40 0.29 0.25 0.157 U. I109 0-0044 19.75 65.8

I I I I I I I

MATERIAL DESCRIPTION

} Tan Brown poorly Graded Sand with Silt

Jroject No.: 5OI6I-7-O1OB. 12

Woject: Tritium Extraction Facility

) Location: HTEF B-1 Jar SS-89 @ 148-149.5 Ft.

Iate: Jan.i5. i998

I I I ..

Uses I AASHTO

sP-st-l I A-2-4 (O_O)

Remarks:

Tested by: sC~--

Reviewed by: k
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GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm

1:

Test % +3” % GRAVEL % SAND % SILT % CLAY

B 4 0.0 0.0 52.9 8.3 “38.8

LL PI 085 060” D50 D30 D15 Dlo cc - c“

D 5i 20 0.42 - o.2i 0.12

I I I I J I I

MATERIAL DESCRIPTION

● Brown Silty Sand

Project No.: 5OI61-7-O1OB Task 12

Project: Tritium Extraction Facility

● Location: HTEF B-2 SS-9 @ 12-13.5 Ft.

Date: Jan.27, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING,INC.

I t I

Uses AASHTQ..
SM A-7-5(6:3)

Remarks:

Tested by: SC

Reviewed by: @

Figure No.
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GRAIN SIZE DISTRIBUTION TEST REPORT

!00 100 10.0 1.0 0.1
GRAIN SIZE - mm

0.01 0.001

Test % +3” % GRAVEL % SAND- % SILT I % CLAY

E 20 0.0 0.0 81.6 18-4

..:-

,
LL PI Dt35 . 060 D50 D30 D15 D~o cc c“

D 36 10 0.27 0.18 0.16 0.118
* I

I I 1 I I 1 I

MATERIAL DESCRIPTION

● Tan G Red Brown Silty Sand

Project No.: 5016i-7-0106 Task 12

Project: Tritium Extraction Facility

● Location: HTEF B-2 SS-32 @ 49-50.5 Ft.

Date: Jan.27, 1998

GRAIN SIZE DISTRI13UTION TEST REPORT

LAW ENGINEERING. INC.

I {
Remafks:

Tested by: Z

Reviewed by: &

Figure No.
1
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Test % +3” % GRAVEL % SAND % SILT I % CLA; ‘5 0.0 0.0 . 84.5 - 15.5:-%-

LL PI Ds5 Df3f) D50 D30 - .D15 DIO “ cc . c“
33 0 0.50 0.29 0.25 0. i50

I
J I I I I I I

MATERIAL DESCRIPTION

Brown Silty Sand

reject No.: 50161-7-OIOB Task 12
reject: Tritium Extraction Facility

Location: HTEF B-2 SS-39 @ 62-63.5 Ft.

ate: Jan.27, 1998

GRAIN qIZE DISTRIBUTION TEST FIEPOfqT”

t A Iaf rkffi-rhrrrn-t Cn ----

0.00

I

Remarks:

Tested by: ~

Reviewed by: &
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GRAIN SIZE - mm

Test % +3” % GRAVEL % SAND, % SILT I % CLAY
F 5 0-0 0.0 93.1 6.9

.,
‘-\-

LL PI 085 D(50 050 D30 D45 D~() cc c“
m NL NP 0.90 0.53 0.43 0.253 0.3489 0.1143 1.06 4:6

I I [ I ! I !

MATERIAL DESCRIPTION

● .Tan Brown Poorly Graded Sand with Silt

Project No.: 50161-7-0106 Task 12 ,

Pr’eject: Tritium Extraction Facility

● Location: HTEF B-2 SS-52 @ 81.5-83.0 Ft.

Date: Jan.27. i998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC.

Remarks:

Tested by: SC

Reviewed by: &

Figure No.
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GRAIN SIZE DISTRIBUTION TEST REPORT&= . . .

200 100

GRAIN SIZE - mm ‘-
O.oi 0.001

Test % +3” % GRAVEL
0 0-0

% SAND-
0.0 % SILT

90.7
I % CLAY

9.3

i

LL PI 085 . 060 050
NL

030
NP 015

0.59 Dlo
0.38

cc
0.34

c“
0.278 0.1616 0.0930 2.20 4.1,

1
I I I I I

MATERIAL DESCRIPTION

Tan Brown Poorly Graded Sand with Silt

eject No.: 50161-7-0108 Task 12
eject: Tritium Extt.action Facility
Location: HTEF B-2 SS-66 @ 108-109.5 Ft.

te: Jan.27, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING, INC.

I I

7-
~

..

Tested by: ~

Reviewed by: b

Figure No.
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GRAIN SIZE DISTRIBUTION TEST REPORT& 2“~;. .4~“ ~~5 5WIWIXI o 0 00 :0
0

200 100 10.0 “1.0 0.1 0.01
GRAIN SIZE - mm

0.001

Test % +3” . % GRAVEL % SAND- % SILT I % CLAY

) 9 0.0 0.0 93.4 6.6

I
,
‘:,-

LL PI D05 . D&J D50 “ D30 045 D~o cc c“

B NL NP 0.42 0.32 0.28 0.208 0.1501 0.1220 1.13 2.6
●

I 1 1 I I I 1

MATERIAL DESCRIPTION

E Tan BpOwn poorly Graded Sand with Silt

Project No.: 50161-7-0108 Task 12

Project: Tritium Extraction Facility

b Location: HTEF B-2 SS-75 @ 120-121.5 Ft.

Date: Jan.27, 199S

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC.
.—-T.. .... ... . .... .. . .,.,,,..... ,,...,.,.-.,.,.,.-.,- ,.,. .,,.. , .

I I I

Uses I AASHT&

SP-SM
I

A-3

I

—

Remarks:

Tested by:

Reviewed by: +

Figure No.
— .
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GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE – mm
0.1 0.01 0.001

1
‘Test % +3” X GRAVEL X SAND X SILT I Z CLAY

● 5 0.0 0-0 92.2 .. 4.5 3.3 .

h
J“

+<

u PI Df35 D60 D~o o= 045 Dlo cc cu.
● NL NP 0.25 0-19 0.17 0.131 0.1095 0.0911 1.01 2.0.

-. I I

1 I 1 I .1..
MA~EQIAL DESCRIPTXCIN

. E3rowri Poorly Gpacled Sand “with Silt

Project No.: 50123-6-1020.04

Project: SO16i–7-0408 Task 12

‘* Location: HTEF B-2 St-5 @ 131.5-133.5 Ft.

I
“\
te: Feb. 18, 1996

~.
GRAIN SIZE DISTRIBUTION TEST REPORT

’11 LAW ENGINEERING. INC.

EiIz
Remarks:

........

Consolirlation Sample

Figure No.
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GRAIN -SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm

Test % +3” % GRAVEL % SAND % SILT % CLAY

~ 10 0.0 0.0 02.4 7.9 9.7

‘<

LL PI DFJ5. Dfjf) D50 D30 D45 D~o cc Cu

B 0.28 0.17 0.15 “O.1O3 0.0652 o.oo9i 6.87 ia.7
*

I 1 I I 1 1 I

MATERIAL DESCRIPTION

E Tan Brown Silty Sand

Project No.: 50161-7-O1OB Task 12

Project: Trit5um Extraction Facility

● Location: HTEF B-2 SS-88 @ 144.5-147.5 Ft.

.

Date: Jan.27, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING, INC.

Remarks:

Tested by: SC

Reviewed by: *

Figure No.
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GRAIN SIZE DISTRIBUTION TEST REPORT -& ;;2.++4i &c”?Z-rvla 00
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GRAIN SIZE. - mm

Test % +3” % GRAVEL % SAND % SILT I % CLAY
~ 11 0.0 0.0 60.9 39.1

‘$

LL PI D85 D60 D50 D30- 055 Dlo cc c“

I 56 32 0.56 o.3f 0.24 .

I ..:.I I ! I ! 1

MATERIAL DESCRIPTION

b Tan & Red Brown cl~y.ey sand

Jroject No.: 50i6i-7-0i08 Task 12
~poject: Tp~tiUrn Extraction Facility

} Location: HTEF B-3 SS-6 @ 10.5-12 Ft.

Date: Jan.27, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

I AbJ ChiCThfrrnTNf- -rAlfi

1 1 1

-+==

Remarks:

Tested by: SC

Reviewed by: k
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GRAIN -SIZE DISTRIBUTION TEST REPORT
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200 100 10.0 1.0 0.1 0.01 0.001

GRAIN SIZE - mm

Test % +3” % GRAVEL % SAND - % SILT I % CLAY
~ 12 0-0 0.0 78-5 2i-5

~“
2

LL PI Df35 . 0f30 D50 D30 . D45 D~o cc c“

D 34 11 0.54 0.20 0-46 0-099 ,

I

MATERIAL DESCRIPTI(3N Uses AASHTO

● Red Brown Clayey Sand Sc A-2-6(0.~)

I I

Project No.: 50161-7-0108 Task 12 Remarks:

Project: Tritium Extraction Facility Tested by: SC
● Location: HTEF B-3 SS-12 @ 19.5-21 Ft.

Reviewed by: P

Oate: Jan.27, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING, INC. Fioure N(Y.
-7-————.-.,,~< ~,,.,. .. . . . ....... ...... ,. ,,,:.:>, .. ,..,/ .. . ..>’, ,.. . >,,,,.... . . , . ,. , ,. .,.,. , ..—. .
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GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE = mm

Test % +3” % GRAVEL % SAND % SILT % CLAf ,
) 4 0.0 0.0 00.9 7.1 12.0

,
&

LL PI 085 D&) D50 D30 . D~5 Dio cc c“

B 35 12 0.59 0.25 0.20 o.12i O .*O132 0.0019 ‘31.22 i30 .5

....
, , , ! ! I

MATERIAL DESCRIPTION

● Red Brown Clayey Sand

Project No.: 50161-7-0106.12

Project: Tritium Extraction Facility

● Location: HTEF B-3 St-2 @ 21.5-23.5 Ft.

Date: Feb. 18, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT
1 * 1.1 rm?n-r-~tr-n -rMsn 7*.-

-+-t==-

Remarks:

Tested by: Sc
Reviewed by: t-k
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DISTRIBUTION TEST REPORT

T-* ?

:

:
:

::

: !

1.0 0.1 0.01
GRAIN SIZE - mm

0.00:

Test % +3” % GRAVEL % SAND - % SILT % CLAY
) i. 0.0 0.0 77-4 9.6 13.0

.1”
(-%(.
,---

LL PI D85 - 060 D50 030 015 Dio cc c“

B 35 10 0.31 0.17 0.15 0.100 Of 0069 0.0019 “30.83 . 93.5
.

I 1
I I I I I I i

MATERIAL DESCRIPTION

● Brawn Silty Sand

Project No.: 50161-7-0108.12

Project: Tritium Extraction Facility

● Location: HTEF B-3 St-2 @ 21.5-23.5 Ft.

Date: Feb. 18, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC.

I I I

Uses AASHTO

SM A-2-4(0.0)—

I

Remarks:

/Tested by: SC ‘~

Reviewed by: w

.

Consolidation Sample

Figure No.
.-— —— -y,= ..-.
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GRAIN SIZE DISTRIBUTION TEST REPORT –1+ . . .

200 100
0.00—

GRAIN SIZE - mm

Test % +3” % GRAVEL % SAND
3 0-0 0.0

% SILT % CLAY
81.6 8.0 10.4

,. .

LL PI D85 ’60 050 D30 . 035
38

D~o
10

cc
0.28 0.18

c“
0.16 0.120 0:0279 0.0036 21.65 50.6

J I I I I I I
MATERIAL DESCRIPTION

Brown Silty Sand

POjeCt No.: 50161-7-0108 Task 12
reject: Tr’itium Extraction F8Cility

Location: HTEF B-3 ST-3 @ 46.5 Ft.

ate: Jan.27, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

I AM CNCTNCCDTAIP -l-Al-

1

Remarks:

Tested by: SC

Reviewed by: *
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GRAIN SIZE
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DISTRIBUTION TEST REPORT

. -- .— .-

10.0 1.0 0.1 0.01 0.00:
GRAIN SIZE = mm

Test % +3” % GRAVEL % SANO % SILT I % CLAY ,

14 0.0 0.0 90.4 9.6

&

LL PI DB5 D(3(3 D50 D30 - D45 D~O cc c“

NL NP 0.74 0.38 0.26 0.161 O~i326 0.0779 0-87 4.9

MATERIAL DESCRIPTION

} Tan BpOwn Poaply Gpaded Sand with Silt

Project No.: 50161-7-010&3 Task 12

Project: Tritium Extraction Facility

& Location: HTEF B-3 SS-25 @ 73.5-75 Ft.

Date: Jan.27, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

1 Aid l=A1p7N!~CmThff2 -T-kin

I r

T
Remarks:

Tested by: 5C

Reviewed by: [~
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DISTRIBUTION TEST REPORT

200 lao 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE = mm

Test % +3” % GRAVEL % SAND % SILT
L

% CLAY ,
) 2 0.0 0.0 91.4 2.6 6.0

J
“e

)

LL PI D85 060 D50 D~o 045 D~o cc c“

) 48 24 1.20 0.56 0.46 0.312 0.2128 0.1507 ‘“1. i5 3.7
I

, ( ! 1 1
MATERIAL DESCRIPTION

%

Project No.: 50161-7-0108.12 .

Project: Tritium Extraction Facility

* Location: HTEF B-3 St-4 @ 91-93 Ft.

Date: Feb. lf3,1996

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGTIWFRTNG TNC .-.,- .,. . .. .. ....”.,.. . . ... --

I I I
....

Uses AASHTO

r
Remarks:

Tested ~Y:Sq&$%

Reviewed by: &

Consolidation Sample

-:- -- .,.---- —--- .7,. -.-
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GRAIN SIZE DISTRIBUTION TEST REPORT
E . . .
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GRAIN SIZE ‘.mm

Test % +3” % GRAVEL % SAND % SILT I % CLAY
~ 15 0-0 f..3 0S.8 9.9

.

,.&

LL PI 085 0(30 D50 030 D55 Dio cc c“

) NL NP 1.06 0.46 0.38 0.277 0.2851 0.0754 2.23 6.0

“., t

MATERIAL DESCRIPTION

I Tan Brown Well Graded Sand with Silt

Project No.: 50161-7-0108 Task 12

Project: Tritium Extraction Facility

● Location: HTEF B-3 SS-32 @ 10S-109.5 Ft.

Date: Jan.27. 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING TNC

Remarks:

Tested by: SC
Reviewed by: &

r: ----- .i -
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GRAIN SIZE DISTRIBUTION TEST REPORT

200 100 10-0 1-0
GRAIN SIZE -

0.1
mm

0.01 0.00:

Test % i-3”
&

% GRAVEL % SAND % SILT % CLAY ,
t 16 0.0 0.0 70.7 5-0 i6.3

i
.&-, , 1

I I I I

LL PI 085 0(50 050 D30 - D~5 Dio . % c“

B 33 10 0.43 0.31 0.28 0.198 0:0027

....

MATERIAL DESCRIPTION Uses AASHTO

● white & Brown Clayey Sand Sc A-2-4 (0.v)

I
Project No.: 50161-7-010S Task 12* Remarks:

Project: Tritium Extraction Facility Tested by: ~
● Location: HTEF B-3 SS-37 @ 122.5-i24.O Ft.

Reviewed by: ~

Date: Jan.27, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT 1

LAW ENGTN~FRTNc TNIC I F:-. --- &1...,----. . ......-——-- ..,.—?----....=+-._._-.=------- ..-<------ ,
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GRAIN SIZE DISTRIBUTION TEST REPORT
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200 100 10.0 1.0

GRAIN SIZE -.mm
0.1 0.01 0.001

Test % +3” % GRAVEL % SAND % SILT I % CLAY
19 0.0 3.i 65.0 30.9

.

4

LL PI DB5 060 D50 D30 Di5 D~o cc c“

22 6 1.19 0.18 o.i5 *

1
I I I I I I I

MATERIAL DESCRIPTION

‘ White Clayey Silty Sand

IPoject No.: 50161-7-0108 Task 12 .
Woject: Tritium Extraction Facility

~ Location: HTEF B-3 SS-43 @ 132-133.5 Ft.

late: Jan.27, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

z AW FNRTNFFRTNG TNP

I I I ....

-

Remarks:

Reviewed by:&
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GRAIN SIZE DISTRIBUTION TEST REPORT:.

200 100 10.0

0
00

w
00%-rln To-Cu

1.0 0.1 - 0.01 0.00:
GRAIN SIZE-= mm

Test % +3” % GRAVEL % SAND % SILT I % CLAY d

I i7 0.0 0.0 62.2 37.8
&

LL PI Ds5 060 D50 D30° 045 o~o cc . Cu
) 62 ii 0.21 o-i2 0.10

..-

MATERIAL DESCRIPTION Uses AASHTO

F Tan Brown Silty Sand SM A-7-5(1Z)

JpOject No.: 50161-7-0108 Task 12 Remarks:

+oject: Tritium Extraction Facility Tested by: ~
b Location: HTEF B-3 SS-46 @ 140-141.5 Ft.

Reviewed by: *.

i
D8~e: Jan.27, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT
f A 1,s rhfn-rAfrr-nTh?- l-h!n 1

--=. -. ...-.,~,._,-.,,~m,,, .,..... .,,,-..-,,,. .. .---- T;>—--:.. —.---.=—--- - ..-
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GRAIN SIZE DISTRIBUTION TEST REPORT

200 100 10.0
GRAIN SIZE - mm

0.00

Test % +3” % GRAVEL % SAND
~ 18 0-0

% SILT
0.0

I % CLAY
79.6 20.4

J

LL PI 13f35 060 D50 D30 055 Dio1 29 5 0.33 0.20 0.17 0.119

MATERIAL DESCRIPTION Uses
1 Tan Brown Silty Sand

SM

I
‘rOject No.: 5OI61-7-O1OB Task 12 I
Woject: Tritium Extraction Facility

I Location: HTEF B-3SS-57 @ 153.5-155.0 Ft. I

Remarks:

Tested by:

I
.. .

I
AASHTO

A-2-4 (0.0~

Reviewed by:

5C

late: Jan.27. 1998
[

GRAIN SIZE DISTRIBUTION TEST REPORT

1 Ala? ~h!-~kfrrn~ mfp -?-S.in
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GRAIN SIZE DISTRIBUTION TEST REPORTs

100 a ~

90

80

70
m
Ill
z
l-l 60
L

% 50

E
a
w 40
a

30

20

io

o
200 ioo 10.0 1.0 0.1 0.01 0.00

GRAIN SIZE v mm

Test % +3” % GRAVEL % SAND % SILT
4 0.0 0.0

% CLAY
65.6 io.9 23.5

., ,

J

I I ,s I

LL PI Df35 060 D50 D30 . 045 Dio
4i 20

cc
0.43

c“
0.30 0.26 0.017 ●

4
..

MATERIAL DESCRIPTION Uses AASHTO o
Reddish Brown Clayey Sand

Sc A-2-7(1.9

I I
reject No.: 50161-7-0108 Task 12 Remarks:
reject: Tritium Extraction Facility

J-qLocation: HTEF B-4 St-1 @ 12-14 Ft. Tested by:

I wReviewed by: “

ete: March 25, i998

“GRAIN SIZE OISTRIBUTIDN TEST REPORT

LAW ENGINEERING. INC. I F~otIrP MT
—————. .. . . . —.. . -
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GRAIN SIZE DISTR_fBUTIQfq TEST Rf=poRT -
i . . .

5
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L
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20 :
:
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0 :
200 10

GRAIN SIZE - mm
----

Test % +3” % GRAVEL % SANO “
‘ 13 0.0 0.0

% SILT I % CLAYf
86.5 13.5

.

LL PI D85 D60 D50 D~o D45 Dlo
35

cc
12

c“
0.87 0.36 0.25 0.142 0. (3800

I 1 4
1 1 I I I I I I ! I
, I I 1 I I I

MATERIAL DESCRIPTION

‘ Tan & Red Brown Clayey Sand

‘POjE!CtNo.: 50161-7-010S Task 12

IPoject: Tritium Extraction Facility

Location: HTEF B-4 SS-7 @ 18 Ft.

late: March 4, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC.

I I I ....

T I
Remarks:

Tested by: J7M.+K

Reviewed by: ~

.
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K-ESR-H-OOO1O
Rev. 2

September 2000

GRAIN SIZE DISTRIBUTION TEST REPORT

100

90

80

70
lx
w
z
1+60
Il.

~ 50

2
w 40
0.

30

20

10

0
200 100 40.0 1.0 0-1 0-01 0.001

GRAIN SIZE --mm

Test % +3” % GRAVEL % SAND % SILT % CLA~ ,
J 3 0.0 0.0 72. i 52.8 15.3

$

LL PI D(35 0f30 D50 030 045 %0 . % c“

) 49 26 0.75 0.19 0.43 0.070 0.6047 o.ooi5 20.63 “i30.5

.-

MATERIAL DESCRIPTION

E Tan Brown Clayey Sand

Project No.: 50i61-7-0106 Task 12

Project: Tritium Extraction Facility
t ~ocatiom HTEF B-4 St-2 @ 28 Ft.

Date: March 25. 4998

GRAIN SIZE DISTRIBUTION TEST REPORT

1.AW ENGTNFFRTNC TNC—.....------ .Tv—-...

Remarks:

Tested by: 47?

Reviewed by: @

-i- ,,.. —,...-=-. .= ...= - ..-
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1

GRAIN SIZE DISTRIBUTION TEST& ;-”. .+55; c ;ec 00
ioo

90
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w
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1-
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w
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a
u 40
n
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20

10

0
200 100 10.0 1.0 0.1

GRAIN SIZE T mm

REP ORT

0.01 0.001

‘Test % +3” % GRAVEL % SAND % SILT % CLAY ,

i5 0-0 0.4 75.5 7.8 i6.3

I I I ,..- 1

LL PI of35 060 D50 D30 045 Dio cc c“

47 28 1.07 0-54 0-42 0. i93 0.0026

I i
I I I I 1 I i

MATERIAL DESCRIPTION

~ Tan Brown Clayey Sand

lroject No.: 50161-7-0108 Task 12

‘reject: Tr’itium Extraction Facility

! Location: HTEF B-5 SS-1 @ 3-4.5 Ft.

late: March 4, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

1 AN FNGTNFFRTNc TNP

I I I
Uses AASHTO

Sc A-2-7(1.6$

Reviewed by: 1%

-.

I
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K-ESR-H-OOO1O
Rev. 2

September 2000

GRAIN SIZE DISTRIBUTION TEST REPORT.

0.01 “ o.oo~

Test % +3 “ Z GRAVEL % SAND % SILT I % CLAY ,
~ 14 0.0 0.5 59.7 39.8

,*.

LL PI Df35 - 0“60 D50 “ D30 D~5 010 cc c“

) 3i i4 0.51 0.19 o.i3 .

MATERIAL DESCRIPTION

b Tan & Red Brown Clayey Sand

3poject No.: 50161-7-0108 Task 12

aroject: Tritium Extraction Facility

J Location: HTEF B-5 SS-6 @ 10.5-12 Fk.

Date: March 4,3996

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC :—7,,, ~,,,-.,,,,, ,...,,,,.,,.-.,,.>,~,.,,.,.<!>,.,,...! .,,..-<.., .!- - -=y7.=7.-—-–;.’,T

I I I ....
Uses AASHTO

T
Remarks:

Tested by: s~

Reviewed by: w

Figure No.
.
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I 1

I
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GRAIN -SIZE DISTRIBUTION ‘TEST REPORT

200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE - mm

Test % +3” % GRAVEL % SANII “ % SILT % CLAY.
~ i6 0.0 0.0 81.6 i3.4 5.0 ‘

~
.?

LL PI D85 - D60 D50 030 015 Oio c= c“

I 30 10 0.79 0-36 0:26 0.097 0.0668 0.0531 “0.49 “ 6.8

I

MATERIAL DESCRIPTION

} Red Brown Clayey Sand

Droject Noe: 50161-7-0108 Task 12

?r’eject: Tritium Extraction Facility

~ Location: HTEF B-5 SS-12 @ 19.5-21.0 Ft.

Bate: March 4. 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC -

I I I . .

Uses I AASHTO

Sc A-2-4 (0.0~

Remarks:

Tested by: ~dJ~w
1

Reviewed by: *

Ffoure No.



K-ESR-H-OOO1O

‘L- 4/

Rev. 2
September 2000

100
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6
z
I-I 60
L

30

20

o

DISTRIBUTION TEST REPORT

200 ioo 10.0 1.0 0.1 0.01 O.ooj
GRAIN SIZE ---mm

Test % i-3” % GRAVEL % SAND % SILT % CLAY ~
o 18 0.0 0.0 62.1 15-8 22.1

&

,

LL PI DB5 060 D50 D30 Di5 Dfo - cc . Cu

B 48 22 0.20 0.10 0.09 0.034

.-
1 I 1 ! I ! I

MATERIAL DESCRIPTION

● Reddish Brown Clayey Sand

Pfoject No.: 50161-7-0108 ”Task 12

Project: Tritium Extraction Facility

● Location: B-5 St-1 @ 26-26 Ft.

Date: ADril 6. 1!390

Remarks:

Tested by:s<+>

Reviewed by: ti-

GRAIN SIZE DISTRIBUTION TEST REPORT

I AW CKfC?ThICCITTN~P _=~ht- 1. .—-.— -— —- --------—-...-—._ ,,,,.



~“qz K-ESR-H-OOO1O
Rev. 2

September 2000

\

(,

100

90

80

70

E
z
H 60
L

1-
Z 50
I.lJ
u
u
: 40

30

20

10

0

GRAIN .SIZE DISTRIBUTION TEST REPORT

II..
: : ::
: : :: 1 : .: ::,: ::: ::: :. . . -

10.0 1.0 0.1 0.01
GRAIN SIZE \ mm

Test % +3” % GRAVEL % SANIJ % SILT % CLAY’
~ io 0.0 0-0, 6i. f . 8.1 30.8

l-w

LL PI Dfj5 D60 D50 030 ● Df5 D~o cc c“
) 40 16 0-57 o.i9 0.14 0.003

, , , 1 I
MATERIAL DESCRIPTION

b Reddish Brown Clayey Sand

Project No.: 50161-7-0108 Task 12

Project: Tritium Extraction Facility

b Location: HTEF B-5 St-2 @ 91.5-93.5 Ft.

Date: April 13. 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

Remarks:

Tested by:

Reviewed by: *

1



.

K-ESR-H-00010

& 43
Rev. 2

September 2000

GRAIN -SIZE DISTRIBUTION TEST REP

100

90

80

70

z .50
w
a
a
u 40
a

30

20

10

0
200 100 10.0 1-0 0-1

ORT

0-01 0.00:
GRAIN SIZE T mm

Test % +3” % GRAVEL % SAND % SILT % CLAY
B 10 0.0 0.0 71.2 12.8 16.0

,f.

LL PI “ 085 060 D50 %) . D~5 Dio cc c“
P 46 21 0.97 0.32 0.i6 0.077 0.0024

.., ,

MATERIAL DESCRIPTION

● Reddish Brown Clayey Sand

Project No.: 50161-7-0108 Task 12

Project: Tritium Extraction Facility

● Location: HTEF B-6 St-1 @ 34-36 Ft.

Date: April 2, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC.

I I I

Uses I AASHTO

Sc I A-2-7 (1.5).

Remarks:

Tested by: ~

Reviewed by: &
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SheetNo.: 1

UNDISTURBED SAMPLE LOG

Pmjcct TritiumBxha&.6onF@ty Da& MlucJl6,1998

Bocia8No:IITEFCX)A SampkNo CkarTubc w 123.3-125.1

Mcthodof&unpkBXhl&XX Ho&ontd cut/ Vcr6calcxkude At IAW%jg. -ATL

TotalLa@h ofTube@chcs>L:

1
2
3
4
5 “

‘6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Scc60nffl
Brown& WhiteClayeysand

to

scc60il#2
Browm& WhiteCiaycysand

to

Ditto

sccdoQ#3
BrownSiltySand

to

Brown& WhiteClayqsand

4

VISUALDIHXlH70N

WistureContent=32.0??
DryDca.sity(PCFj-92.6

WktuleCOntlld-343%
DgDawity~ 87.6

●

Ransks

Coinfixmskubdog.wls

—

#
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GRAIN SIZE DISTRIBUTION TEST REPORT;.. . ..

a
:
:
:

:
:.

:
:
:

-
:.
:
:

:
:
:.

:
:
:. .

:

:.

200 100

+’ .,.. .,,,. , I I. . .. . .::. : - .

J
. . , .,, ,., 11I I I II I I I I I I I I

10.0 1.0 0.1 0.01 0.00
GRAIN SIZE -- mm

Test % +3” % GRAVEL % SAND % SILT % CLAY .
~ 17 0.0 0.0 69.4 4.3 26.6

i:

LL PI D85 06(-) 050 D30 D35 Dlo cc c“

I 36 i5 0.36 0.25 0.18 o.oi3 ●

II I I I 1 I I

MATERIAL DESCRIPTION

D Brown & White Clayey Sand

.

Project No.: 50161-7-0108 Task 12

Project: Tritium Extraction Facility

S Location: HTEF C9A Ud @ 123.3-125.1 Section 1

Date: March 4, 199B

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC -

Uses I AASHTO

Sc

I
A-2-6(0.~

Remarks:

Tested by: s~~~

Reviewed by: ~

Fioure No.
—.—..— ..



ed By SC Reviewed By W Job NO.:
Date Febuary 27,1998 Date March 6,1998 Job Name

‘IT-4A: UNIT WEIGHT OF SAMPLE
“TXPICAL”

sample BoringNo.: C9A
DOptk 122.3-125.1

SampleID: Ud (Section # 1)

A4E4~ (Nominal 6inch cut mule heipht):

WxMHwwmm m53ti$@@~m.].............................................................. ....................................................
sEmGmzmJ

................................................................
XmmlYnmw-:.......................................:.....................
.:.:.:.:.BE**>;;;;;;;;;;;:;;:

....................................:.:................................................................... ................................ ...............................
1 3.29 I

50161-7-0108
Tritium Extraction

Facility

2 3.28

d

top 1.37
3 3.285 bottom 1.365

Avg. 3.285 Avg. ~1.368 (D)

h401STUR??CON72?NTDE71?RMNAnON

2mms58EmB&wi;;i;i;;;;;;;;;:;i;;;;;;.----..-....................................................................................................................................................................................................
TareNo. SS~56
Tare Weight 142.59 gm
Wet Wt. + Tare 216.24 mn
Dr$ Wt. + Tare 198.37 “m
Wi. of Water 17.87 “&
Jky Weight 55.78 gm
Moisture Conteng w 32.04” %,

K.ESF(-H-00010
Rev. 2

September 2ooo

TOTAL WEIGHT OF SOIL+ TUBE SECTION W*= 154.76EM “-
WEIGHT OF CXJ3AN,DRY TUBE SECTION w&= Oa ‘
WET WEIGHT OF SOIL, [(WM - W&)1454] w&= 0.34 lbs –
VOLUME OF SAMPLE, [@x*D2/4)*H/1728] v= 0.00 fi3

WET DENSITY, mbf v DDWJ= 122.19 pcf
DRY DENSITY, ~I)WJ(l+wmlo)] DDD= 92.55 pcf

*~j~~
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GRAIN SIZE DISTRIBUTION TEST REPORT

~ ~ ‘-5:5W W’J 0 0 Og ;gin m cud+% w OJ-4
* > *-

: HIIIH1“[:::: Hllll:lI1 M’iWlll
.:

:::: : :: 111111 I I HIHH I I I

200 100 io.o 1.0 0.1 0.01 0.00
GRAIN SIZE - mm

Test % +3” % GRAVEL % SAND % SILT % CLAY” -

) 11 0.0 0.0 75.3 i.5 23.2

4

LL PI DB5 f)f30 D50 D3(3 “ D~5 Dlo . cc c“

B 33 10 0.39 0.29 0.25 0.125 ●

1 1 , , , , ,

MATERIAL DESCRIPTION

● Bpown G white Clayey Sand

Project No.: 50161-7-0108 Task 12

Project: Tritium Extraction Facility

● Location: HTEF C9A Ud @ 123.3-125.1 Section 2

Date: Februarv 27. 1998

GRAIN SIZE DISTRIBUTION TEST REPORT
t A f,? ~htP7hf~~nTh?P ThlF

... .. ... .! .,. . . .. , ... ,, ,,~,... .-,, . . . w,- ..,.,. -.,. - .! .. T

Uses I AASHTO

T
Remarks:

Tested by: sc~~~

Reviewed by: b

. . -----——- -



M By SC Reviewed By HEJ Job NO.:
- .+e. Febuary27,1998 Date March 6,1998 Job l@ne

K.ESR-W)OO1 O

Rev. 2
September 2ooo

TP-4A: UNIT WEIGHT OF SAMPLE
“TYPICAL”

sample BoringNO.:C9A
Deptk 122.3-125.1

SampleIll Ud (Seotion# 2)

#7Z4WREMW7S (iVominaI 64nch cut sande height}:

IFL$IDE$ME%MIMXW=::.........................................................
!Bz.mGm=~=

...........................................
.............................................. ~m.:w-m~................................ .......................................:............................... ...........................

50161-7-0108
Trhium Extraction
Facil@

MOJSTURECOhlZNTDER?RMA?A170N

~~~~~==~=:MB&w;:;;;:i;;;;;;;i;;i;i;;;i.-..-..-............................................................................................................................................................................................................................
Tare No. SS~27
Tare Weight
Wet Wt. + Tare
D@Wt. + Tare
Wt. of Water

‘97.63 gm
244.4 gm
206.9- gm
37.50 gm

Dry Weight “109.27 gm-
Mokture ~nten~ w 34.32 ~ %

*

TOTALWEIGHT OF SOIL+ TUBE SECTION w&= 147.42 gm :-
WEIGHT OF CLEAN, DRY TUBE SECTION wAf= Omn
WET WEIGHT OF SOIL, [(WM - W~454] w&= 0.33 ix –
VOLUME OF SAMPLE, [(@*D2/4)*H/1728] v= 0.00 #
WET DENSITY, CWd q D~w= 117.63 pcf
DRY DENSITY, ~I)W /(l+w/100)] D~D= 87.57 pcf

, YdhtJdjM~
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GRAIN SIZE DISTRIBUTION TEST REPORT.

100

90

80

70

g

I-I 60
IA

30

20

10

0
200 100 io-o 1-0 0.1 0.01 0.00

GRAIN’SIZE - mm

Test % +3” % GRAVEL % SAND % SILT I % CLAY’
) 20 0.0 0.0 89.5 10.5

LL PI DB5 Df30 D50 030 . 035 D~O cc c“

) 0.41 0.33 0.31 0.256 0..1314

II I I I I I I
MATERIAL DESCRIPTION

} Brown Poorly Graded Sand with Silt

Project No.: 50161-7-0108 Task 12

Project: Tritium Extraction Facility

● Location: HTEF C9A Ud @ 123.3-125.1 Section 3

Date: March 4, 3998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC.-—- .._ ,,,., ., .”- ... . . ,... .... .,,... . . .

I 1 I ..

Uses I AASHTO

SP-SM

I
A-2-4(0.~

Remarks:

Tested by:=

Reviewed by: +

Bottom Section of Tube

Figure No. ._.
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I

Frojcct

SheetNtx 1

UNDISTURBED SAMPLE LOG

TritiumExhac&mFacility Da& Much6,1998

BaringN(xHIEFC9A SampkNu CknrTubc Dcp& 12S.1-127

lddhodc?fsullpacExhl&nE 130&nltalcut/va6calexbude At LmvEnur.-AlL

TotdLcngthof Tubc(ii>L :

1
2
3
4 _
5
6 _

.7
8
9
10
11
12
13
14
15
16_
17
18
19
20
21

Scctioclffl
Bmwn&whitcclaycysud

b

Ditto

scc60rl#2
BrownC.kycysand

wsuALw8cRmmN “

M&4ne Ckatcnt=463”%
W-W-74.7

MistuICOxltnct- 36.8%
DryDcnsity(FCFy 85.8

to
,

scc60cl#3
BrownClayq Sand

to

BrownClqqJ Sand

MoistureCoded - 48.4%
~-~73.8

,

I loiluolmswJdog.wt3

,
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GRAIN SIZE DISTRIBUTION TEST REPORT2

200 100 10.0 1.0 0.1 0-01 0.00----
GRAIN SIZE --rein

e

Test % +3” % GRAVEL % SAND % SILT % CLAY
~ 12 0.0 ~ 0.0 ,: 69.5 . 6.0 24.5

I
I I I I

LL PI D85 060 D50 . DSO ,035 Dio “ cc . c“
1 63 32 0.39 0.26 0.22 0.037

I .,

MATERIAL DESCRIPTION

~ Brown & white Clayey Sand

Jpoject Noo: 50161-7-0108 Task 12

~roject: Tritium Extraction Facility

1 Location: HTEF C9A Ud @ 125.1-127 Section 1

late: February 27, 4998

GRAIN SIZE DISTRIBUTION TEST REPORT
–-,——--- . . . . ‘-?--- . . . . . .

Y
Reinarks:

Tested by: sc~~~~

Reviewed by: &)

—-



Tested By
lte:

sample

...

Sc
Febuary 27,1998

&5z

Reviewtxl By EIEJ - Job No.:
Date: March 6,1998 Job Name

TP-4A: UNIT WEIGHT OF SAMPLE
“nT’’cAL”

Boring NO.:C9A_
De@ 125.1-127

SampleID: Ud (Section# 1)

~WREMWIS Naminal 6-inch cut sande height):

K-ESW-I-OOO1O
Rev. 2

September 2000

50161-7-0108

TritiumExtraction

%wwwwMRw =+wNsmEm%MmEw:~~ -....................................................................................................................................
~“:mIGHHmx

............................................
-:::@mm.mMxHx...................................................................... .......................................:%...-.............................................................::::::::::::::::@@cfi**=........ ...............................

1 3.3
2 3.31 I

3.293
top 1.35

I bottom 1.342
Avg. 3.300 4 Avg.-(l))

#

MOISTURE CON17WTDETERMINA170N

........................................................ . . ..... . . - . ... ... - ............. .................................................... . . . . . . . . . . . . . . . . . . . . . . .................................................. . . .. . . . . . . . . . . . . . . . . . . . . . . . ~.w-.”:”:.:.:.:.:.:”:”:.:”:.:.~:.:”:.:.:”~.:.~”:.................................-..............................................................................................................................................
Tare No. SS-9
Tare Weight 89:53 gm

Wet Wt. + Tare 221.49 grn
Dry Wt. + Tare 179.7~ gm
UK?of Water 41.78 gm
Dry Weight 90.18 gm
Moisture C-m&x&w 46.33 ~0

TOTAL WEIGHT OF SOIL+ TUBE SECTION w&l+= 134.65 m
WEIGHT OF CLEAN, DRY TUBE SECTION w&= o“p
WET WEIGHT OF SOIIj [(Wti - Wa)1454] w&= 0.30 lbs
VOLUME OF SAMPLE, [(@*D2/4)*H11728] v= 0.00 fi3

WET DENSITY, ~tif Vj DDW= 109.24 pcf
DRY DENSITY, ~~w /(l+w/100)] DDD= 74.65 pcf

Mma8Wdjaxalbqxkadi

.-

._
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GRAIN SIZE DISTRIBUTION TEST REPORT&

K-ESR-H-00010
Rev. 2

September 2000

-..

100

90

80

“70

E

E 60
L

l-’
z 50
;

z 40
n

30

20

10

0

CD mm

200 100

b
‘Test % +3” % GRAVEL “ % SAND % SILT

I 18 0.0
% CLAY’

0.0 67.2 4.7 28.1
‘:%-,

I
I

I
I

1
I

LL PI DB5 D60 D50 D~O D55 D~O - cc c“
1 62 37 0.27 0.15 0.12 0.010

I I
.-

NATERIAL OESCRIPTI(IN
Uses AASHTO

~ 8Pown Clayey Sand
Sc A-2-7(4.9)

I
‘reject No.: 50161-7-0108 Task i2 Remarks:
‘reject: Tritium Extraction Facility

I Location: HTEF C9A Ud @ 125.1-127 Section 2 Tested by:~d-~~~
Reviewed by: \+ -

late: March 4, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT



~estedBy
lte:

sample

~ ~4q

Sc ReviewedBy HEJ
Febumy 27,1998 Date: March 6,1998

. ..

K-ESR-H-00010

Rev. 2
September 2000

Job No.: 50161-7-0108 ,
Job Name: Tntium Extraction

Facilitv

TP-4A: UNIT WEIGHT OF SAMPLE
‘mKw”

Boring No.: C9A
kptk 125.1-127

SampleID: Ud (Seotion # 2)

~~ (Nominal 64nch cut somuIe heipht):

:&jjtf!&Qf@Jj@ s*i:w$mE~&*:......................................... ........................................................................................+............
!mmmExlfxfj.................................................................................... ................................ ...............................

1 9 -n
A 3.LY I
2 3.29 top 1.368
3 3.29 bottom 1.365

Avg. 3.290 Avg. , 1.367 (D)
,

MOISTZR.??CONTENTDETERM?NAnON

. . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ....... ..... ... ... . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................................................. ... -:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.x.:.:.:.:.:.:~~m.@m................................................--..-........................................................................-......................................................................................................................................................
Tare No. SS-20
Tare Weight
Wet Wt. + Tare
D Wt. + Tare

!?
Wt. of Water
Dry Weight
Mobe Conten~ w

89;14 gm
237.35 gm
197.48 gm
39.87 gm
108.34 gm
36.80 %

.

TOTAL WEI~ OF SOIL + TUBE SECTION w~= 148.67gm -.
WEIGHTOF CLEAN, DRY TUBE SECTION w&= OgmWET WEIGH’r OF SOIL, [(Wti - WaY454]

w&= 0.33 lbs
VOLW OF SAMP~, [@t*D2/4)*H/1728]

I?= 0.00 *3 –
WET DENSITY, mb! Vj

D~W= 117.38 pcf
DRY DENSIm, ~Dw /(l+wflO())]

DDD= 85.80 13cf
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GRAIN SIZE DISTRIBUTION TEST REPORTi ..-

~est % +3” % GRAVEL t

19 0.0
% SAND

0.0
% SILT

68.5
% CLAY

. B.3 23.2,-:.

LL PI Df35 060 050 030 “ 035 Dio . cc
53 27 0.33 o.f7

c“
o.i4 0.041

i
.-1 I I I I I I

MATERIAL DESCRIPTION

Brown Clayey Sand

*eject No.: 50161-7-0108 Task 12
‘oject: Tritium Extraction Facility

I
● Locatiom HTEF C9A Ud @ 125.1-127 Section 3

Oate: March 4, 499S

GRAIN SIZE DISTRIBUTION TEST REPORT

! AW C~CT?W=l=DThIC Thf/=.,..;- ,1...........,..m .,.. ... ......~,...,............>,,,. .... .. .

~
..

Tested by:~d%
Reviewed by: *

,., . .. . ——.-,



Tested By
late

sampk

C ’56

Sc ReviewedBy HEJ Job NO.:
Febuary27,1998 13ate: March 6,1998 Job Name

TP-4A ~T WEIGHT OF SAMPLE
“TmKx.Ln

Boringhlo.: C9A
Deptk 12S.1-127

SampleID: Ud (Section# 3)

w~ rlTominaIt$-inchcut samule height):

K.EsFN-Wloto

Rev. 2
September 2000

50161-7-0108 “
Tritkm Extraction
Facili&

. . . . . . . . . . . . . . . . . . ....... ~.:.:.:. . . . . . . . . . . . . . . .
......................... ............................... ..............................-................................ .......................................................... ...

1 mo 1 I
1 Ao I II
A 4.0

I
1

3 2.8 bottom 1.31

- -m I top 1.37
. ..65

Avg. 2.800 @l Avg.>-(D)

—.. . . . . . . . . . . . . . . . . . . . . . . . ... .
:2i2~~;:22;2;;~2~222;;2;MB"B&w:~~~~~<:~<~<~[<<~<<<:~~<...... .....................................................................................0.......................................................................................................................................

Tare No. SS-23

TareWeQht
Wet Wt. + Tare
Dry Wt. + Tare
V&of water
Dry Weight
MoO&e Conten~ w

-
97:21 gm
214.91 gm
176.53 gm
38.38 gm
79.32 gm
48.39 96

●

TOTALWEIGHT OF SOIL+ TUBE SECTION Wti. 118.28 gm .
WEIGHTOF CLEAN, DRY TUBE SECTION W*= Olznl
WET WEIGHT OF SOIL, [(WM - W~454] w;= 0.26 ‘G –
VOLUME OF SAM3?~ [(pFDz/4)*IV1728] v= 0.00 fi3

WET DENSITY, ~tif VJ DDW= 109.57pti
DRY DENSITY, ~X)W/(l+w/100)] DDDc 73.84 pCf

I

I

.

—-----
, ,q--r-T. Y..

..- -
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GRAIN -SIZE DISTRIBUTION TEST REPORT

100

90

80

70
m
w
z
H 60
L

; 50

2
w 40
m

30

20

10

0
200 100 10.0 1.0 0.1 ‘0.01

GRAIN SIZE - mm

--l
0.001

‘Test % +3” % GRAVEL % SAND “- % SILT I % CLAY

1 0-0 12.2 61.7 26.1 .

t ! I I.>- 1
LL PI DB5 - D&) D50 D30 045 010 cc c“

2.57 0.35 0.25 0.104 ●

J I I I I I I

MATERIAL DESCRIPTION

I Brown Silty Sand with Gravel

‘reject No.: 50161-7-0108 Task 12

W3ject: Tritium Extraction Facility

~ Location: CPT-1 Bag @ 3

late: Jan. 28, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC.

I I I

Uses I AASHTO

SM A-2-4(0.0) —

Remarks:

Tested by:,~~

Reviewed by: *

Figure No.

,
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GRAIN SIZE DISTRIBUTION TEST REPORTr“
u

100 0 ~

90

80

70

E
z
t-l60
L

; 50

k!
w 40
Q

30

20

10

0
200 100

—

10.0 1.0
GRAIN SIZE --

Test % i-3”
-

% GRAVEL % SAND
‘ 2 0.0 26-6

% SILT I % CLAY
43.1 30-3

d

LL PI D85 Df30 1)50 030 015 D~o . cc c“
28.84 0.58 0.33 *

.-
MATERIAL DESCRIPTION Uses AASHTO

Brown Silty Sand with Gravel
SM A-2-4(0.0j-

1 I
‘rejectNo.: 50161-7-OIOS”Task 12

Remarks:
raject: Tritium Extraction Facility

Tested by: ~Location: CPT-3 Bag @ 3 Ft.

Reviewed by: *

ate: Jan. 28, lggB

GRAIN SIZE DISTRIBUTION TEST REPORT

1. AW FNGTIVFFRTNIC ThlP -.~-.—..—. .
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GRAIN
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SIZE DISTRIBUTION TEST REPORT –
. ...555

100 Q mw$

90

80

70
u

%
H 60
L

2“50
LLl

E
LLl40
c1

30

20

10

0
200 100

Test % +3 “ % GRAVEL
18 0.0

% SAND
0.0 % SILT

73.1 I % CLAY ,
, 26.9

‘t-

LL PI D(35 060 050 030 015
0.55 Dio

0-28
cc

0.22
c“

0.096 ‘

II I I I I I
MATERIAL DESCRIPTION

Brawn Silty Sand

eject No.: 50i61-7-0108. 12
eject: Tritium Extraction Facility

Location: CPT-4 Bag @ 3 Ft.

te: Jan.15. Igga

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW EhJGTNFFRTNc TNlr

~
..

Tested by: ~

Reviewed by: k

.
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100

90

80

70
a
UJ
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H 60
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Z 50
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:40
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.20
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0
2

GRAIN .SIZE DISTRIBUTION TEST

—
:
:
:
:.
:
:
:
:.
:
:
:
:.
.
:
:
:
:
:
:
:
:.

~
:
:
:
{.

~

:
:
:
:
:
:
:
:.
:
:
:.
:

!00 100

Test % +3 “
D 11 0.0

% GRAVEL
0.0

REPOF

0.01 0.004

% SAND % SILT I % CLAY

88.6 ii.4

r

LL PI 085 “ t)60 D50 ~30 . 035 Dlo cc c“

B ,41 14 0.27 0.19 0.47 0.130 0.0965

I, , 1 * 1
MATERIAL DESCRIPTION

● Reddish Brown pooply Gpaded Sand with Silt

Project No.: 50161-7-0106 Task 12

Project: Tritium Extraction Facility

t Locatiow. HTEF B-4 SS-16 @ 44 Ft.

Date: March 4. 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING, INC.

I I I ...
Uses I AASHTO

sP-skl

I
A-2-7(0.OJ

Remarks:

Tested by:~rn~sc

Reviewed by: jb

Figure No.
—..— — ——. - .- _.___ . .. ,
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GRAIN -SIZE DISTRIBUTION TEST REPORT

200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE n mm

Test % +3 “ % GRAVEL % SAND I % SILT I % CLAY’
‘ i2 0.0 0.0 95-7 4.3

,
.&-

LL PI 085 ’60 050 D30 D35 D~o cc c“
I NL NP 0.52 0.36 0.32 0.255 0.1945 0.1637 I.li 2.2

I
.-, 1 ! I 1 I I

MATERIAL DESCRIPTION

} Brown PooPly Graded Sand

3roject No.: 50161-7-0f08 Task 12

~roject: Tritium Extraction Facility

) Locatiom. I-ITEF B-4 SS-30 @ i17 Ft.

3ate: March 4, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT

I AW Fhlf2TtUT=FnTKlc TAIP

1 1 I

Uses I AASHTO

SP A-3 —

Remarks:

Tested bY:J~&s

&Reviewed by: ,

/
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100
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~ 50
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GRAIN SIZE DISTRIBUTION TEST REPORT

200 ioo 10.0

0
8

1.0 O.i 0.01 0.00!
GRAIN SIZE - mm

Test % +3” ‘% GRAVEL
8

% SAND % SILT % CLAY
● 2 0.0 0.0 06.3 5.9 7.8

‘*”

..

u PI Ds5 060 D50 030 “ D$5 Dio - cc . c“
● NL ~ NP 0.23 0.17 0.15 0.113 0.0768 0.0197 3.80 8.6

I I I

MATERIAL DESCRIPTION

● Tan Silty Sand

IIProject No.: 50161-7-0106 Task 12

Project: Tritium Extraction Facility

c Location: HTEF B-4 ST-S @ 132.5-134.5 Ft.

Date: March 25, 199f3

GRAIN SIZE DISTRIBUTION TEST flEPOFiT”

I

Remarks:

Tested by:~~fl

Reviewed by: &

-J
,., ,,,.. ,——.—
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GRAIN SIZE DISTRIBUTION TEST REPORT2 . ...N.5 ~~.
100

90

00

70
m

!2
H 60
11-

~ “50

c.)
a
w 40
a

30

20

io

o
200 100 10.0 i.o 0-1 0.01 0.004

GRAIN SIZE * mm

Test % +3” % GRAVEL % SAND % SILT % CLAY ,
B 12 0.0 0.0 67-1 18.4 14.5

‘$

LL PI Df35 060 D50 D30 “ 045 Dio cc G
B NL NP 0.30 0.13 Oil 0.034 0. b056 0-0020 4.37 66.1

.. .
, 1 !

MATERIAL DESCRIPTION

● Brown Silty Sand

Project No.: 50161-7-0106 Task 12
Project: Tritium Extraction Facility

c Location: HTEF B-4 St-9 @ 13B Ft.

Data: April 9,1998

GRAIN SIZE DISTRIBUTION TEST REPORT

Uscs AASHTO

SM A-2-4(0.~

Remarks:

Tested by:

Reviewed by: &
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GRAIN SIZE DISTRIBUTION TEST REPORT6 . ..

......

Test % +3 “ % GRAVEL
a

19 0.0
% SAND

3.7”,
% SILT

75.6 .
I % CLAY

1-$ 20.7

.

LL PI DB5 060 D50 030
● 045 Dio “ cc “ c“

0.56 0.27 0-21 0.123

I .-1 1 I I I I
MATERIAL DESCRIPTION

Tan Brown Silty Sand

‘OjeCt No.: 50161-7-010S .12

j$0 ect: Tritium Extraction Facility

Location: CPT-7 Bag @ 3 Ft.

te: Jan.i5, 1998

GRAIN SIZE DISTRIBUTION TEST REPORT
I A 1.) Ft?n-, ,——— —. ._ . .

~
..

Tested by: k

Reviewed by: k

.-—. — .. . .. ... . .
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GRAIN .SIZE DISTRIBUTION TEST REPORT
c . . .

1 I

1 . I
‘-%.

— ,

80HtEtH-H

& 40 : Ili:lli II
EL

30

20

10

01: 111:1111:1: . .1 1 I I 1-

200 100 10.0 0.1 0.01
G;A;N SIZE - mm

Test % +3” % GRAVEL % SAND
20 0-0 25.1

% SILT
53.8

I % CLAY
21.1 4

LL PI D85 “ D60 D50 D30 %5 Dlo cc c“
27.83 0.40 0.24 0.108 ●

J I I 1 I I I
MATERIAL DESCRIPTION

‘ Red Brown Silty Sand with Gravel

‘OjE?Ct No.: 50161-7-0108.12
‘eject: Tritium Extraction Facility

Location: CPT-12 Bag @ 3 Ft.

~te: Jan.15, i998

GRAIN SIZE DISTRIBUTION TEST REPORT

LAW ENGINEERING. INC.

I I

T
I

Remarks:

Tested by: Sc

Reviewed by: ~
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12.00 ..
RESULTS

..... ..:..:..:..:.. ..:..;..;..:.. ..~..;..:..:.. ..;..j..:..:.. ..;..;..;..;.. ..:..:..:..;.. ........ .. ..;..i..:..:.. .:..:. i..;..

..... ..:..;..;..;.. ..;..;..;..;.. ..:..;..:..:.. ..;..:..:..y. ..i. i..;..:.. ..:..:..:.

C, ksf 0.26
.+...:..:..:..:....:..:..:..* ..:..;..;..;....;..;..y.y ..:..:..:..;....:..:

.......:..:..:..:....;..V..Y...:..:..Y.;....;..;.+.:...+.:

TAN dI 0.62 ... .. ..:..:. %..:.. ..:..:..; ..;.. ..; ..;..;..;.. ..++.;.. .+.:..:.:.

. . . . ,.... .. .. ... .... ..; ..;..;..;.. ..; ..;..;”;.. ..i.. i.. i.. i.. ..; ..;..,..,.. ... ... .. ..... ......... ..i.. i..,...
..i..i.. i.. i.. ..i..i.. i..i.. ..i.. i..i.. i.. ..; ..;..;..;.. ..i..i.. i..-

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

..yy. t.. I.. ..,.. !..,..*.. ... ... ... ... .. ..\..l ..’..,.. . . ..1..!.. ..l.. q..,.. ..l..:.. p!.. ..$..,..,..,.. ..,.. ~..,..,. . . . . . . .::...~..i..}..}.. .4.4.4.4.. ..$..,.*..J... ...;..1..;..1...J..i..i..i.. ..:..l..;..1....l..:..l..:. . . . . . . . . . . . ..!.+....j..:..,..,....*.+.,..J... .$..!..!....!..py.y.+.+..?......q..y.y....1..1..,..!....,..,..~..~............ . . . . . . ...1..1..1..1....1..[..,..,...+.,..,..,....” ..l..hl..h. ..>..$.+;....!..!....;..t..~.~....,..,..,..1...+.,.

............................

..............
.:..;..;.+...;..;+.+....:

0 4.00 8.00 12.00 16.00 20.00 24.00

18.00

15.00

42.00

9.00

6.00

3.00

0

. . Normal Stress, ksf

::.......++. ..:..:..; ..:....;..;..;..;.. ..;..:..;..;..
.++.:..p ..;++. ..}.;..;..;.. ..:..; ..;..:... ..+.; .+.:.. .............. ..Y:..:..;.. ..; ..;..;..:..
..; ..:..p..p ..:..; +> ..; ..:++ ..j+++..

. .
. ..... ... .. .. . ... ...... .. ... ...... ... ... ..

.
.:

..; ..;..;..:.. ..:..j..;..;.. ..j.. j..,..,..

. .!..! ..!....y:q..i.. ..i..i..i..i..

. . . . . . . . . . . .
::: ::::

..y.yfi..:..:..;..:....:..:..;..;....:..L.;..:..
:.+.:. +.. ..; ..;..:..:.. ..:..; ..:..:.. ..y:.. g..
. . . . . . . . .:

0 5 10 i5 20

ryPE OF TES13

Congo l~dated drained

SAMPLE TYPE: LID

IESCFIIPTION: Brown Silty Sand “

.L- PL- PI-

5PECIFIC GRAVITY- 2.70

~EMAFIKS:Tested by:~~Wl

Reviewed by:* .

~IG. NO.
.::: -?3--,, -;.,, ~ -: :,, ,.. * , , .; .. : * +. .,., ..,, “. .+ r-.,....-..<->.,, <<f.+ f...?,~

AMPLE NO.- i 2 3

IMATER CONTENT. % 22.5 21.5 i?3.1
DRY DENSITY. pcf 97.7 97.9 95.8
SATURATION, % 84.0 80.3 82.3
VOID RATIO 0.724 0.721 0.760
DIAMETER. in 2.85 2.64 2.S6
HEIGHT. in S.00 6.00 6.00

WATER CONTE~. % 25.6 24.7 27.0- ,
. DRY DENSITY. pcf 99.7 101.1 97.5
i SATURATION. % 100.0 ioo.o ioo.o
. VOID RATIO 0t691 0.667 0.729
: DIAMETER, in - 2.83 2.85 2.85
‘ HEIGHT. in . 5.97 5.9s 5.94

I

ACK PRESS.URE,ksf 2.88 2.88 2.68
ELL PRESSURE, ~sf 4.38 5.98 8.99
AILURE STRESS, ksf, 4.29 7.76 14.49
PORE PRESSUR~ ksf

TRAIN RATE. %/mIn. O.ioo O.ioo 0.100
LTIMATE STRESS, ksf .-

PORE PRESSUR~ ksf

~iFAILURE, ksf 5.79 10.85 20.60
bFAILURg ksf 1.5 3.9 6.ii —

lROJEC~ Tritium Extraction Facility

iAMPLE LOCATION: HTEF B-1

St-2 @ 42 Ft

‘ROJ. NO.: 5016i70i08 DATE ADril 6.1998

TRIAXIAL COMPRESSION TEST
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Client:

Project: Tritium Extraction Facility

Location: HTEF B-1 St-2 W 42 Ft .

File: O1O812B Project No.: 5016170108 Pane 2/2 Fio. No. __
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..:..:..:.. ..:..:..:..1.-. . . .

~ ::.. ..:.++. ..++.:..
.-:--:-.r:..+. ++. +.. ..:.+.:.=..

C, ksf 0.81 o
.:.+;..+..++.++..
.:”i.?+..++w”-

4, deg 31.7

TAN $
.....;..:#;<....:..;+:....:..;..;..:....;..+;..{....+.;.+.
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Total Normal Stress, ksf —

Effective Normal Stress, ksf ----
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0 5 10 f.5 20

Axial Stfain, %

rYPE OF TES17
CU with pore pressures

;AMPLE TYPE: uct
INSCRIPTION:

.L= PL= PI=

SPECIFIC GRAVITY= 2.70

3EMARKS: Tested by:~~~

Reviewed by: Lb

rTE Ntl

;AMPLE NO. i 2

WATER CONTENT. .% 25.7 19.8
$ URy DENSITy, Pcf 97.7 102.9
1 SATURATION, % 95.9 63.9
: VOID RATIO 0.724 0.636
~ DIAMETER, in 2.87 2.07

HEIGHT. in 5.60 !i.60

WATER CONTENT, % 25.7 22.5
; DRY DENSITY. pcf 99.5 104.9 (
~ SATURATION. % 100.0 100.0
* VOID RATIO 0.694 0.608
+ DIAMETER, in .
< HEIGHT, in

2.04 2.85
5.59 5.57

BACK PRESSURE, ksf 2.94 3.04
CELL PRESSURE, ksf 6.84 9.43
FAILURE STRESS, ksf 11.55 17.09

PORE PRESSUR5 ksf 0.22 2.5A
STRAIN RATE, %/rein. 0-100 O.ioo
ULTIMATE STRESS, ksf

PORE PRESSURE, ksf
=lFAILUREO ksf 16.16 24.01
a3FAILUR& ksf 6.62 6.93 —

CLIEN13

PROJECT Tritium Extraction Facility

SAMPLE LOCATION: HTEF B-1

St-4 R 96-98 Ft.

PROJ. NO.: 501617010S OATE April 14.1998

TRIAXIAL COMPRESSION TEST

I LAW ENGINEERING. INC.—---- -. -
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C, ksf 0.16
.......:..+{...+.{..:..:....:..:.+.:.. .V.+i...:.i.i.+.
.......:..:..:.+...;..;..;..:....;..:..;..;.. .+..:....++.+.

$, deg 32.8 ‘: ~ .~-~ “::: “~ ~ .::;...... ..:..;..:..:....}.:..:..:....:..:..:..:.. ~..;..:...:..:..:..:....;.+.Y,Y.. ..&:..:. . .+.:.+”.
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. ....p.l..y.p .++.!..!..
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0 5 10 15 20

Axial Strain. %

YPE OF TES~
Consolidated drained

AMPLE TYPE. Ud

ASCRIPTION:

L. PL= PI=

PECIFIC GRAVITY- 2.70

EMARKS: Tested by: ~~~

Rf2VieWWlby: b

IG, NO.
7--~<~ ,w,~, ..4......>......,,......:,.*,..,..,+:>.

ISAMPLE NO. 3 2 3

WATER CONTENT, F% 18.7 17.9 18.4
< DRy QENsITyO pcf 97.2 103.0 iOO.i
H SATURATION, Z
~ VOID RATIO

68.7 76.5 72.7
0.734 0.637 0.664

& DIAMETER. in 2.86 2.S5 2.66
HEIGHT. in 6.00 6.00 6.00

WATER CONTENT. % 25.i 22.0 24.8
& DRY DENSITY. pcf 100.4 io5.7 100.9 c
w SATURATION. % 100.0 100.0 100.0
~ VOID RATIO 0.679 0.595 0.671
* DIAMETER, in .
q HEIGHT. in

2.82 2.82 2.85
5.97 5.99 5.99

BACK PRESSURE, ksf 2.SB 2.e8 2.88”
CELL PRESSURE, ksf 8:08 5.49 4.i8
FAILURE STRESS. “ksf 12.83 6.~3 3.59

PORE PRESSURE, kbf
STRAIN RATE. %/rein. 0.100 0.100 0.100

ULTIMATE STRESS, ksf
PORE PRESSURE, ksf

c71FAILUREo ksf 18.03 9.44 4.s9

63FAILURE, ksf 5.2 2.63 1.3 –

CLIENfi

IPROUEC~ Tritium Extraction Facility

ISAMPLE LOCATION: HTEF B-3

~ St-2 @ 2i.5-23.5 Ft.

PROJ. NO.: 5o16170ior3 DATE April 14.1998

TRIAXIAL COMPRESSION TEST

LAW ENGINEERING. INC.
— ~-—T ..— ,.

!. , ..,”......> ..:.,,- - +.%. -..-... *----- . .
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tan m- 0.54
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p. ksf

Client:

Project: Tritium Extraction Facility

Location: HTEF B-3 St-2 Q 21.5-23.5 Ft.

File: O1O812D Pr’eject No.: 5016170108 Page 2/2 Fig. !’40. _
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.+.:..:....:..:..:..:....:..:..:..:....>...:..y..T.:.y..!....i..ii.i....i.ii.:......:.:..:....:..:..:..:....:..:..:..:..:.
C, ksf 4.16 0.19

..:..:..:..:....:.:.=.:...;.+:...+;.:...:..Y.:..:....:..V..:....:..:..+....:..+;..:...*+.+.:..:.:..y;.. ..+.:.;../
r$,deg :5.7 33.5 .+.:..:...i..i.i..i..,~’::..:..y..y ..:..;..:..:..“~.~ .+.+..+...; .++.j.y..~ .:.:.:...,.“. :.

.............:..:..:.+ .. .. :...:..:..:..:....:..:..:..:....:..:..$..:....:.7..:..:.0.*..+;..
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..1..1..1..$...+.;.+.;...+.,..,.+. .+. .+.:.+.:....;..1..1..;...... .... ....
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...2.+;....;..;..;..;...“.”.”....+.+ .+.s.:..
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Total Normal Stress. ksf —

Effective Normal Siress, ksf ----
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0 5 10 15 20

Ax5al St fa~n, %

rYPE OF TES~
CU with pore pressures

SAMPLE TYPE: UO

INSCRIPTION: Red Brown & Tan

Silty Sand

.L= PL= PI-

5PECIFIC GRAVITY= 2.70

~EMARKS Tested by:~~~

Reviewed by: \+

~IG. NO.
.——--.—-—

AMPLE NO. i 2 3

I MATER CONTENT, % 30.3 29.7 28.5
DRY DENSITY. pcf 91.1 89.0 93.1
SATURATION, % 96.1 S9.5 94.7
VOID RATIO 0-850 0.895 0.611
DIAMETER. in 2.86 2.B7 2.66
HEIGHT. in 6.00 6.00 6.00

WATER CONTENT, % 29.S 31.6 26.6
DRY DENSITY:- pcf 93.3 91.0 98.0 .
SATURATION. % ioo.o 100.0 ioo.o
VOID RATIO 0.806 0.853 0.719
DIAMETER, in 2.83 2.04 2.00
HEIGHT. in “ 5.98 5.97 5.95

ACK PRESSURE, ksf 2.69 2.93 2.94 -
ELL PRESSURQ .ksf” 4.49 6.14 9.43
‘AILURE STRESS, ksf 4.51 5.11 e.oi

PORE PRESSURE, ksf 2.94 4.25 6.4i
iTRAIN RATE, %/rein. 0.100 0-100 0.100
ILTIMATE STRESS, ksf

PORE PRESSUR& ksf .-

~iFAILUREo ksf 6.06 6.97 11.03
~3FAILURa ksf 1.56 1.86 3.02 _

2LIEN17

>ROJEC~ Tritfum Extraction Facility

;AMPLE LOCATION: HTEF B-3

St-3 @ 46.5 Ft.

‘ROJ. NO.: 5016170108 OATE April 6,1996

TRIAXIAL COMPRESSION TEST

LAW ENGINEERING. INC.
—.
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Total Effective ~~:: ~:::. iii:.........*...? ....... . . .............. .... ... .........=y... =....
:; ::::

~= : /: . . . .
. 1.12 ksf 0.16 ksf

a= i5.2 deg 28.7 deg
tan U- 0.27 0.55 / ....p+...f..f ....

4.00
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m
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0 2.00 4.00 6.00 S.oo 10.00 12.00 14.(.
p, ksf

;lient:

‘roj ect: Tritium Extraction Facility
.ocation: HTEF B-3 St-3 Q 46.5 Ft.

‘ile: O1O812C Project No.: 5016170108 Page 2/2 Fig. No. _,

.
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. . . . . . . .

8.00 12.00 16.00 2?0.00 24.00
Normal Stresse ksf

SAMPLE NO.. i 2

WATER CONTENT, “% 14.7 16.8
g ORY DENSITY, .pcf 113.0 107.2
H SATURATION, %
~ VOID RATIO

80.7 79.4
0.492 0.573

~ nIAM~TERc in 2.SB 2.67
HEIGHT. in 5.05 6.00

WATER CONTENT. % 17.2 19.5 ~
$ DRY DENSITY. pcf 115.1 110.5
u SATURATION. % 100.0 100.0
~ VOIO RATIO 0.464 0.526
* OIAMETER, in -
< HEIGHT. in

2.86 2.83
5.03 5.96

BACK PRESSUR& ksf 2.88 2.88
CELL PRESSURE. .ksf 4.58 9.5S
FAILURE STRESS,;ksf 6.22 13.30

PORE PRESSURE, k:f
STRAIN RATS .%/min. 0.100 0.100

0 5 10 f.5

I

20 ULTIMATE STRESS, k~f

Axial Strain. x PORE PRESSURE, ksf

rYPE OF TES’R
OIFAILUR~ ksf 7.92 19.99

Consolidated drained 03FAILURs ksf f.7 6.7
—

:AMPLE TYPE UO CLIENT:

DESCRIPTION: Red Brown Silty

Sand IIPROdECW Tritium Extraction Facility

.L= PL= PI=

lSpEcII=Ic GRAvITY- 2.70 IISAMPLE LOCATION: HTEF B-4

IREMARKS Tested by:~-~ St-2 @ 2S Ft.

I ~Reviewed f3y:~ ,
PROU. NO.: 50f6170108 OAT15 April 6.i998

TRIAXIAL COMPRESSION TEST

L-FIG. NO. II I_AW EN~~?W==nT~,I~ _._.TAIP
.._-.—..
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tan 0(= 0.41
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0 3.00 6.00 9.00 12.00 15.00 18.00 21.00
P. ksf

Client:

Project: Tritium Extraction Facility

Location: HTEF ti-4 St-2 ~ 28 Ft-
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Ax3al Strain, %

I’YPEOF TESR
CU with pore pressures

SAMPLE TYPE. Ud

DESCRIPTION: Tan Brown Silty

Sand

LL- PL= PI=

SPECIFIC GRAVITY- 2.70

REMARKS: Tested by:~~ti

Reviewecl Dy: \b

FIG. NO.

AMPLE NO. 1 2

WATER CONTENT. ~% 35.0 31.4
‘ DRY DENSITY. pcf B5.5 91.8
I SATURA~ION, % 97.2 iOi.2
VOID RATIO 0.971 0.837
DIAMETER. in . 2.86 2.64
HEIGHT. in 6.00 5.60

WATER CONTE.NT, % 34.5 29.4
“ DRY DENSITY. pcf 67.2 94.0 &
/ SATURATION. % 100.0 100.0
‘ VOID RATIO 0.932 0.793
: DIAMETER. in . 2.84 2.03
‘ HEIGHT. in” 5.96 5.51

ACK PRESSURE, ksf 2.82 2.84 -
ELL PRESSURE, ksf 10.42 17.84
AILURE STRESS. “ksf 13.74 34.90
PORE PRESSURE, kBf 3.24 3.84

TRAIN RATE. %/rein. O-ioo 0.100
ILTIMATE STRESS, ksf

PORE PRESSURE, ksf
.-

~lFAILURE. ksf 20.92 4s.69

~~FAILURE. ksf 7.18 13.99 .

;LIEN13

JROdEC~ Tritium Extraction Facility

.
SAMPLE LOCATION: HTEF B-4

St-8 Q 132.5 Ft.

~ROJ. NO.: 5016170108 DATE APril 6. 1996

TRIAXIAL COMPRESSION TEST

LAW ENGINEERING. INC.—.-. —-- ...—“.
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- 0.0 ksfa= 0.0 ksf ;
a= 27.8 deg .................................... ....

tan == 0.53
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p. ksf

i ~
Client

Project: Tritium Extraction Facility

Location: HTEF B-4 St-B @ 132.5 Ft.

File: 010s12 Project No.: 5015170108 Paoe 2/2 Fio. NO
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Total Normal Stress. ksf —
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..:..; ..;..:. . ..:..:. +.:. . .++.:..; . . ..:..:..:..:. .
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Axial Strain, %

YPE OF TES~
CU with pore pressures

AMPLE TYPE Ud

ASCRIPTION:

L= pL= PI=

!PECIFIC GRAVITY= 2.70
IEMARKS: Tested by: ~~ti

Reviewed by: I*

‘IG. NO:,.~v,:, >., ,“.:?.: : ,.’.,, ,.:..:;:.;..,,.,.:.., i -;,,>,?..<,,~>,-,,. ,:,,

U4PLE NO. -1 2

WATER CONTENT, .% 24.8 22.6
DRY DENSITY. pcf 94.9 95.2
SATURATION, % 86.2 79.2
VOID RATIO 0.776 0.770
❑IAMETER. in 2.86 2.S7
HEIGHT. in . 5.60 5.60

WATER CONTE)4T, % 26.9 27.9 .
DRY DENSITY. Pcf. 97.7 96.1 c
SATURATION, % 100.0 100.0
VOID RATIO 0.725 0.754
DIAMETER. in . 2.03 2.86
HEIGHT. in 5.55 5.58

ACK PRESSUREi ksf - 2.9i 2.84
SLL PRESSURE, ksf 9.12 4.44
AILURE STRESS. .ksf 13.13 4.32

PORE PRESSUR~ ksf 6.02 2.82
TRAIN RATE. X/rein. 0-100 O.ioo
LTIMATE STRESS, ksf

PORE PRESSURE, ksf
‘lFAILURE, ksf 16.22 5.93
%FAILURE. ksf 3.i 4.61 —

‘ROJECV. Tritium Extraction Facility

;AMPLE LOCATION: HTEF B-5

St-i @ 26-28 Ft.

lROJ. NO-: 501617010t3 OATE April 14.199S

iRIAXIAL cokwi3EssIoN TEST

LAW ENGINEERING. INC.,.,..5*..3,L?!,$A.z,.,<:.: ~.—----......,,:,.-...-,<,.,,......:!,.,.m
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~ ~0 Stress Pat& legend: Total—. Effective ____

Peak Strength Total Effective ~,..~.............*..+.+....
;:::

a- - 0.32 ksf . . .

~. 26.0 deg 33.6 C@I :
tan m- 0.49

6.00 . ;:: ;:;;
..... ................................ ;::: ;;: :.............~....&&..........................:::
............+..+. ............+...
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3.00 :::: ::$’ ::;; :;;; ijij
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::::

.......... .. .... .........” L...&....
:::: :::: ::;:

o 3.00 6.00 9.00 12.00 15.00 18.00 21.00
p. ksf

Clienti

Project: Tritium Extraction Facility

Location: HTEF B-5 St-1 @ 26-28 Ft.

File: O1O812E Project No.: 5016170108
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9.00

6.00

3.00

0

12.00

10.00

8.00

6.00

4.00

2.00

0

1
TOTAL EFFECTIVE .+:..}.:: ..:.:.:..;..: ..:..;...;: .+.$.:. ..:.+;.=.:““.~+:+”-::::”....”....”.

..:..:..:....:..:..:..:....:..:..:..:....;..:..:..:...;..+....::.:..:....:.:.::..
C, ksf 0.0s

..:..:..:....:..:..:..:....:..:..:..:....:..:..:..:.... ... .-:.
0.45 ..:..:..:....:.+.!..:....+:.+...+.:..:..:..+.+.: :::::::1:::.:.;:::

$, deg
: ::::

45.3 28.1 :.. -. .. ......+.+..j..j..:..:....:..:..;..;....;..2.:..:...+.+.+...:.:.:.:....i..Q.&.
..:..:..:....:..:..5.:....:..;..:..:.u::: : ::::

TAN + 0.27
-.:..:..:..:...*..:.*..:....:..:..y~....:.+.:.;..

0.53
:::: ;::: :::: ;::: :::: :
::::
..;..i..i..i....;..~..;..;....;..;..i..i....;..i..;..;....;..i..;..;....;..i..;..;...... .... .... .... .... ....
....
.... .... .... .... .... ..y~..,..,....;..~..i..i.... ....

.... .... .... .... ..q..y...y.p.y.y...y.y.y.y...y.p\”,.
..:..l..l..[....1..;..;..1....1..1..;..;....$..l..:..;.... :.++...}..;.+.,... . . . ..p,..}..y... ..\..,..$..,..“:. . . . . . . . . . . . . . . ...!..l..1..1....1..1..!..!....[..l..1..1....1..1..1... . . . . ..1.++...[..,..!..,. . . . . . . . . . .+.+.)....y.q.. .,\..\..\..\....1..1..1..;....1..1..1..1....1..1..1..1....... .......1..1..,..,....1..1.. .....1..1..1..1...+.J..I..J.... ..l..h.$..t....$..)..$..,..

.....*...........

. .
0 3.00 6.00 9.00 12.00 15.00 18.00

Total Normal Stress. ksf “ —

Effective Normal Stress, ksf ---”

.: .::::.............. ..:..:..:.+. ..:. rj..:....$.:..:..:..
..:..:..r..r. ..;..;..:..:....:..:..;..:....:.+.;..;..
..:..R..:....:..;..Y.;..................:..:..2.:..
.,:..:..:+...;..;..:.:....:..:.+.+...yy+..
.. .. ..
:::: .::...:..:..:..:....:..:..:.+...:..:..:..:....:..:.+L.
..;..:..>+...;..++;....>.;..;.+....+.+....:..
.,yyy:....y..;..y.......... ..:..:..!..:..
..:..:..:..:....:..:..;..:....$;..:..:....:..:..:..:...... .... ... ..
::::

..i..i..i....i..i..i..i....i..i..i..i..
.

.. ....

.... ....

.. .. ....

::: :::: :::: ::::
.............;..;..:..:....;.+.;..;....;..:..:..;..
.++.+. ..p..$y..+.:..;....;..;..;..:..
+.:..:..:....:..;..:..:....;..:..:..;....;..:..:..:..
..:..;... ....:..;..:..:..:+.:..;.. .+.:+.:....

0 5 10 15 20

Axial Strain, %

“YPE OF TES~
CU with pore pressures

;AMPLE TYPE Ud

INSCRIPTION:

.L- PL=

;PECIFIC GRAVITY=

PI=

2.70
IEMARKS: Tested by:~~~

Reviewed by: W

:Tc ).~m-— ---- ....... .. .. ........ -,--------~

SAMPLE NO..

WATER CONTENT, %
DRY OENSITY. pcf
SATURATION, %
VOID RATXO
DIAMETER. in
HEIGHT. in

19.6 47.7 17.5
104.7 i07.7 i07.6

86.7 84.6 83.5
0.610 0.5S!5 0.567

2.66 2.S6 2.06
6.00 6.00 6.00

WATER CONTENT, % 21.4 49.~ i9.i ,
; DRY OENSITY. pcf 106.9 110.3 111.2
u SATURATION. % 100.0 100.0 ioo.o
- VOID RATIO 0.577 0.528 0.516
- OIAMETER, in-
< HEIGHT. in

2.03 2.S4 2.83
5.98 5.95 5.93

3ACK PRESSURE, ksf 2.89 2.9B 2.79
:ELL PRESSURE, ksf 4.89 7.OB iO.99
FAILURE STRESS, ks~ 3.15 6.23 7.71

PORE PRESSUR~ ksf 3.97 4.39 7.52
STRAIN RATE, %/rein. O-ioo 0.100 0.100
ULTIMATE STRESS, ksf

PORE PRESSURE ksf
~lf=AILURE. ksf 4.07 8.93 11.A8 _
=3FAILURE, ksf. 0.92 2.69 3.47 .

CLIEN~

PROIJECfi Tritium Extraction Facility

SAMPLE LOCATION: HTEF B-6

St-1 @ 34-36 Ft.

PROJ. NO.: 501617010S DATE ApPil 14. 199S

TRIAXIAL COMPRESSION TEST

1 Ald !=hlc~hfrrn~~!~ -rA?-
-/. . ......... . , ,. . ,. , -——— ——...—.. .
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:

:
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.........+........................... :...........-.......................
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5% 10% 15% 2b%

Stress Path legend: Total— Effective ----

Peak Strengt”h Total .......... .... .... ....
a= 0-85 ksf 0.40 ksf .......................
~. 14.7 deg 25.2 deg
tan ~- 0.26 0.47

.......................
::::

..:-...+..:..............................
. .

.......................................................................::::::::
:::: ::;: -::::

::: ?...%-.%.................*.......................*.......-
::::. . . ........................
::::

0 3.00 6.00 9.00 12.00 15.00 18.00 21.0,
P. ksf

Cl lent:

Project: Tritium Extraction Facility

Location: HTEF B-6 St-1 @ 34-36 Ft.

File: O1O812H Project No.: 501617O1O8 Page 2/2 Fig. No. —
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.8400

.8100

.7800

.7500

.7200

.6900

.6600

.6300

.6000

.5700

.5400

4.5

3.5

2.5

4.5

.5

CONSOLIDATION TEST REPORT

111111 I I

,.,-<;:-TLV.7...IJj,,,.... ..... ,,,, ......, .. ,<,.,,,,,.,-,,,.,.,,,,..,-~ .,r.-,.<.,, . ... . . . ., , ,. . . . . . . . . . ... . . . . ..~... ,.>, .~- ----

t
I I I /

/

?T
I I i I I I 1 I 1 I 1 I I I I I I I t I I 1 1

+,

I 1 I I I I II I I 4 I I I Ill I

I I I

0.1 0.5 1“2 5 10 20 50
“Amlied Pressure - ksf. .

Swe11 Nat. Nat. Dry
LL PI Sp. Gr. Precons.

mess. Sat. Moist . Density press. k %

4.44 0.17 0 .s094187.3 %] 26.7 I 91.4 I 37 I i2 I 2.65

TEST RESULTS

Compression Index - 0.17

Project No.: 50i161-7-0108 Task 12
Project: Tritium Extraction Facilitv
Location: HTEF B-1

.

St-2 @ 42-44 Ft.
Date: Feb. 18, 1998

CONSOLIDATION TEST REPORT

! Abl t=R!f2Th1CE~ThlC 7hl~

MATERIAL DESCRIPTION

Red Brown & Tan Silty
Sand

Class: SM

Remarks:

Tested by: ~Tq -

Reviewed by: ~~
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CONSOLIDATION TEST REPORT.-
4.U

2.0

.0
~ai

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

4.5

3.5

2.5

i.5

-5
0.1 0.5 1 2 5 10 20 Fin

Compression Index = 0.i7

Project No.: 501161-7-0108 Task 12
Project: Tr’itium Extraction Facility
Location: HTEF B-1

St–2 @ 42-44 Ft.
Date: Feb. 18, 1998

CONSOLIOATION TEST REPORT

LAW ENGINEFqING. INC.

Red Brawn & Tan Silty
Sand “

Class: SM

Remarks:

Tested by: ~~m

Reviewed by: lb

—
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CONSOLIDATION TEST J=iEPORT
.7200

.7000

.6800

.6600

.6400

.6200

.6000

.5800

.5600

.5400

.5200

2.5

2.0

1.5

1.0

.5
0.1 0.5 1 2 5 io 20

Ap~lied Pressure - ksf

Compression Index - 0.14 Brown-Purple Clayey
Sand

Project No.: 50161-7-0108 Task 12 class: Sc
PPojec”t: Tritium Extraction Facility , Remarks:
Location: HTEF El-1

St-5 @ 143.5-145.0 Ft. I Tested by:d~~ -
Date: Feb. 18, 1998 ~ Reviewed by: +

CONSOLIDATION TEST REPORT

I AW FNRTNFFRTNC Th!r i—.—. —. .—..
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3.0

1.5

.0
II
A ~m

1.5

3.0

4.5

6.0

7.5

9.0

io.5

12.0

— ,

CONSOLIDATION TEST REPORT

\

M: , I 1 I 1 1 I I I I 1- 111

r I I I I I I i I 1I I I II w I I I I1

I 1 I i 1 , I , I t 1 I I I I I \ I I

, I 1 I I I I I I I I 1 I

2.5

2.0

1.5

1.0

.5

Applied Pressure – ksf
—

Swe11 Nat. Nat. Dry
LL Precons.

]ress . Sat. Moist . Density PI SP. Gr -
press . % %

94.8 % 25.2 97.1 42 18 2.65

TEST RESULTS

Compression Index - 0.i4

Project No.: 50161-7-0108 Task 12
Project: Tritium Extraction Facility
Location: HTEF g-f

St-5 @ 143.5-145.0 Ft.
Date: Feb. 18, 1998

CONSOLIDATION TEST REPORT

I -AW FNRTMFFRTNc ThlP

I 8.22 I 0.14 I0.704:

MATERIAL DESCRIPTION

Brown-Purple Clayey
Sand

Class: X
Remarks:

Tested by:~~~

Reviewed by: ti
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CONSOLIDATION TEST REPORT
I 11

, , , , , ,
I I I I I I I I I

, 1 I !
I I I 1

—--+-l-l 1111’11

3.60

3.05

2.50

1.95

i.40
0.1 0.5 1 2- 5 10

Amlied Pressure - ksf
20 50

Compression Index - 0.10

Project No.: 50161-7-010(3 Task 12
Project: ,Tritium Extraction Facility

f
Remarks:

Location: HTEF 8-2
St-1 @ 35 Ft. Tested by: Jrm -

Date: April 15, 1998
Reviewed by: \&

CONSOLIDATION TEST REPCIRT . \

I AM !=A!f2TAII=C~ThftT ThIP. —-—. ——-.—:- :- ——— ——-------- -,
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4.5

3.0

1.5
l-l
r+

: .0

?CQu—in
1.5

3.0

4.5

6.0

7.5

9.0

10.5

CONSOLIDATION TEST REPORT

I

t
1 t I ! I 1 I I I I I I m

I I I I I I I I 1 I 1 1 1 1 1 I I I I I I I I

3.60 ‘

3.05 “ 3
d

2.50

1.95 — — - — ~ = ‘ - ~

i.40 “ I ● Ill Ill
0.1 0.5 i 2 10 20 50

Applied Pressure - 5ksf

Swe11 Nat. Nat. Dry
iL PI Sp. Gr. Precons.

]ress . Sat. Moist. Density p~ess. k %

75.0 % 14.9 109.8 1 2.70 5.49 0.10 0.535:

TEST RESULTS I MATERIAL DESCRIPTION

Compression Index - 0-10
I

Project No.: 5016i-7-0108 Task 12
Project: Tritium Extraction Facility f

Location: HTEF E-2
St-i @ 35 Ft.

Date: April 15, 1998

CONSOLIDATION TEST REPCIRT
. . . . —. .- - . -——— —. -— —..— u

Remarks:

Tested by:~~fi -

Reviewed by: &
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CONSOLIDATION TEST REPORT---—II I I i IIIIll I I II II I 1 —

.7495

.7425

.7355

.7205

.7215

.7145

.7075

.7005

.6935

.6865

t

I I I I I I

Compression Index - 0.04 Brown Poorly Graded
Sand with Silt

~Project No.: Class: SP-SM
Ppoject: Tritium Extraction Facility
Lmatim: HTEF R-2 Remarks:

St-5 @ 131.5-133.5 Ft. Tested by: ~T~
Date: Feb. 18, 1998

ICONSOLIDATION TEST REPORT Reviewed by: tb

I AW FNRTN!CPDT?UC Thlr....y-.-Tm , ,. ,<
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CONSOLIDATION TEST REPORT.-
1.U

.5000

.0000
l-l
l-l ~w

.5000

1.-0

1.5

2.0

2.5

3.0

3.5

4.0

Compression Index - 0.04

Project No.: 50161-7-0108 Task 12
Project: Tritium Extraction Facility
Location: HTEF B-z

St-5 @ 131.5-133.5 Ft.
Date: Feb. 18, 1998

CONSOLIDATION TEST REPORT

LAW ENGINFI=RING. TNC

Brown Poorly Graded
Sand with Silt

claSS: SP-St4

Remarks:

Tested by:~~ti -

Reviewed by: ~~
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.7600

.7450

.7300

.7i50

.7000

.6850

.6700

.6550

.64”00

.6250

.6100

CONSOLIDATION TEST REPORT

t t 1 I 1
I 1

1 1
1
I

I I I I 1 I I I I I I

5.0

4.0

3.0

2.0

1.0

Swe11 Nat. Nat. Ory
LL PI Precons.

)ress . Sat. Moist. Density SP. Gr.
press. f% %

5i.2 % 13.9 96.2 35 i2 2.65 5.40 0.08 o.n9
TEST RESULTS MATERIAL DESCRIPTION

Compression Index - 0.08

Project No.: 50161-7-0108 Task 12
Project: Tritium Extraction Facility
Location: HTEF 9-3

St-2 @ 21.5-23.5 Ft.
bate: Feb. 18. 1998

CONSOLIDATION TEST REPORT “

LAW ENGINEERING. INC.

Red Brown Clayey

Class: SC
Remarks:

Tested by: ~~~

Reviewed by: &

r:-.r- -—...
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CONSOLIDATION TEST REPORT

r

,-,”*eL . IuGll=ALy I I
,.. —..

press . % %
%1 i3.9 96.2 35 12 2.65 5.40 0.08 0.U9L

TEST RESULTS

Compression Index = 0.08

Project No.: 50161-7-0108 Task 12
Project: Tritium Extraction Facjlity
Location: HTEF 9-3

St-2 @ 21.5-23.5 Ft.
Date: Feb. 18, 1998

CONSOLIDATION TEST REPORT

LAW ENGINEERING, INC ; ~

MATERIAL DESCRIPTION

Red Brown Clayey

Class: SC

Remarks:

Reviewed by: k

r.—.. I

/
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CONSOLIDATION TEST REPORT.9450

.9200

.8950

.8700

.8450

.8200

.7950

.7700

.7450

.7200

.6950

Compression Index - 0.14
I

Brown Silty Sand

Project No.: 50161-7-~ Class: SM
Project: Tritium Extraction Facility
Location: HTEF B-3 Remarks:

St-3 @ 46.5 Ft. Tested by: ~~
Date: April i4, 1998

CONSOLIDATION TEST REPORT
Reviewed by: ~~

..- n——.—-— . .. .. ..... . ..,,.,/,.,.,. .- >.,... ..... . . . .“..,. . . . . . . . . . . . . ...,, .—
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i

3.0

1.5

.0
+
•1

1.5

3.0

4.5

6.0

7.5

9.0

io.5

49 n

CONSOLIDATION TEST REPORT

4.0

3.0

2.0

i-o

-0 NEEF3
0.1 0.5 i 2 ‘5 10 20 50

Applied Pressure - ksf

We 11 Nat. Nat. Dry
Sat. Moist . Dens it y

LL PI SP . Gr
Iress .

90.6 % 30.4 88.4 38 io 2.70

TEST RESULTS

Compression Index - 0.14 .

Project No.: 50161-7-0108 Task 12
Project: Tpitium Extraction Facility
Location: HTEF B-3

St-3 @ 46.5 Ft.
Date: April 14, 1998

CONSOLIDATION TEST REPCIRT

I AW rNGTNFFRTNG TNC .

F%LzJz
MATERIAL DESCRIPTION

Brown Silty Sand

Class: SM

Remarks: ,

Tested by:~~~ -

Reviewed by: Lb

e,—.,.
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.7100

.7000

.6900

.6800

.6700

.6600

.6500

.6400

.6300

.6200

.6100

6.0

4.5

3.0

1.5

.0

CONSOLIDATION TEST REPORT

0.1 0.5 1 2 “5 fo 20 50
Applied Pressure - ksf

Swe11 Nat. Nat. Dry
LL PI SP. Gr. Precons.

]ress . Sat. Moist . Density press . %
~

1 1 a
190.7 %1 23.5 I 98.3 I 48 I 24 I 2.66

TEST RESULTS

Compression Index = 0.06

Project No.: 50161-7-0108 Task 12
Project: Tritium Extraction Faciltuy
Location: HTEF B-3

St-4 @ 91-93 Ft.
Date: Feb. 18, 1998

CONSOLIDATION TEST REPORT

LAW ENGINEERING. INC.

J 9.99 I 0.06 I 0.690

MATERIAL DESCRIPTION

Reddish Brown Poorly
Graded Sand with Clay

Class:” SP-SC

Remarks:

Tested by: ~~~ .

Reviewed by: *

Fia. No.
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.5500

.0000
CQWRES91W

.5500

4.10

1.65

2.20

2.75

3.30

3.05

4.40

4.95

~oN:_. –– .––

XJL1DATION TEST REPORT

I I Illlllm I I I I
-.

I

Compression Index = 0.06

project No.: 50161-7-0108 Task 12
Project: Tritium Extraction Faciltuy
Location: HTEF B–3

St-4 @ 91-93 Ft.
Date: Feb. 18, 1998

CONSOLIDATION TEST REPORT

Reddish Brown Poorly
Graded Sand with Clay

Class: SP-SC

Remarks:

Tested by:~~~

Reviewed by: &
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.7550

.7350

.7150

.6950

.6750

.6550

.6350

.6150

.5950

.5750

.5550

CONSOLIDATION TEST REPORT

,

t I I I 111111
1

I
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Liquefaction Analysis Results

The last page of this appendix contains a summary table.
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Tritium Extraction Facility
Geotechnical Summary Report (U)

Liquefactionand Partial LiquefactionSettlement
Summary in inches

Stress CPT ID

Charleston50fi PercentilePC3

HTEF-CO1 < 1Ain. ADDrOX. I ‘% in.Jrmer Bound

Jpper Bound

Jpper Bound

HTEF-C02

HTEF-C03

Negligible

Negligible

Approx. ~. in.

Approx. ‘A in.

Jpper Bound

Jpper Bound

HTEF-C04

HTEF-C05

< 1Ain.

Negligible

Approx. 1 in.

Approx. 7. in.

Jpper Bound

Jpper Bound

HTEF-C06

HTEF-C07

Negligible

Negligible

Approx. Z in.

Approx.3Ain.

Jpper Bound HTEF-C08

HTEF-C08

X in.

NIA

Approx. 2 ~. in.

Approx. 2 X in.2PT Specific

Jpper Bound

2PT Specific

HTEF-C09

HTEF-C09

%.in.

N/A

Approx. 3 Z in.

Approx. 2 % in.

Jpper Bound

2PT Specific

HTEF-CI O

HTEF-CIO

% in.

NIA

Approx. 3 % in.

Nmrox. 3 in.

Jpper Bound

Jpper Bound

HTEF-CI 1

HTEF-C12

Negligible

Negligible

Approx. 1 in.

Approx. Z in.

Jpper Bound

Jpper Bound

HTEF-C13 Negligible Approx. ~. in.

HTEF-C17

HTEF-C18

Negligible

Negligible

Approx. 1 in.

Approx. 1 in.Jpper Bound

Jpper Bound

JPperBound

HTEF-C19

HTEF-C20

HTEF-C21

Negligible

Negligible

Negligible

Approx. 1 in.

Approx. y4in.

Approx. 1 in.Jpper Bound

Jpper Bound

Jpper Bound

HTEF-C22

HTEF-C23

Negligible

< 1/4in.

Approx. 1 ~. in.

Approx. 1 % in.

Summary flom K-CLGH-00135
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Appendix E

Facility Layout and Exploration Location Plan
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Subsurface Cross-Sections
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WESTINGHOUSE SAVANNAH RIVER COMPANY

‘ lhlTERC)FFICE MEMORANDUM @ @,$ ,$JJ$!I

Date: June 29,2000

To: K. Kanakasundaram

From: Wlim

PECD-SGS-OO-OO071

730-1 B-2038

730-2B-I 072

Subject CLWR-TEF Diesel Building, Substation, and Stack Areas Soil Resistivity (U)

Site Geotechnical Services has determined soil resistivity in two locations at the project site.
The first location is the proposed diesel building and substation area and the second location
isthe proposed stack area. The attached Figure 1 shows the locations where the resistivities
were determined.

The present ground “elevation at the proposed diesel building and substation area ranges
between 279 and 283 feet mean sea level (msl), while the elevation at the proposed stack
area ranges between 284 and 286 feel msl. The finished surface elevation will be similar to
the present surface elevation. The ground water elevation is approximately 252 feet msl or
about 30 feet below the ground surface.

The Wenner four-electrode method was used to test the soil resistivity. Eleven straight lines of
testing locations were selected for in situ measurements. Resistance of soil to an approximate
depth of 20 feet was measured along each line. In addition, resistance to approximate depths
of 10 feet were measured along lines 2, 4, 7, an 8. Figure 1 shows the location of each line
and where the electrodes were placed.

The resistivity testing and associated computations were conducted in accordance with ASTM
G57-95a, Standard Test Method for Field Measurement of Soil Resistivity using the Wenner
Four-Hectrode Method. Soils measured at the project site are predominately clayey sand and
silty sand. To minimize the impact of soil moisture on resistivity readings, tests were
performed during the time when the soil was dry. H-Area weather records show 30day
precipitation prior to the tests was 1.62 inches while 7day precipitation prior to the tests was
O.O2inches. Note the 30-year SRS monthly average ranges between 2.95 inches in
November and 5.68 inches in July. The following table shows the location of the electrodes,
tested resistances, and computed resistivities.

Test Line Electrode Spacing East North coordinate Tested Resistivity
Coor. (ft) Resistance

No. No. No. (ft) (ft) from To ($2) (Q-m)
1 1 A,B,C,D 20 61,440 73,510 73,570 26 1000
2 2 A,B,C,D 20 61,460 73,510 73,570 56 2150

3 2 B,F,C,G 10 .61,460 73,530 73,560 100 - 1920

4 3 A,B,C,D 20 61,480 73,510 73,570 65 2490

5 4 A,B,C,D 20 61,500 73,510 73,570 65 2490

6 4 E,B,F,C fio 61,500 73,520 73,550 98 1880

7 5 A,B,C,D 20 61,520 73,510 73,570 77 <. 2950

8 6 .A,B,C,D 20 61,400 73,370 73,430 71 2720

9 7 A,B,C,D 20 64,420 73,370 73,430 86 3290

10 7 B,F,C,G 10 61,420 73,390 73,420 180 3450

11 8 A,B,C,D 20 61,440 73,370 73,430 91 3490

12 8 E,B,F,C 10 61,440 73,380 73,410 235 4500

13 9 A,B,C,D 20 61,460 73,370 73,430 86 3290
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ResWAties ~ere computer using the following equation:

p=l.915a R

where p is the resistivity in SZ-m

a is the electrode separation in feet, and o

R is the resistance in Q

Computational results indicate that the average resistivity of soil to a depth of 20 feet at the
diesel building and substation area ranges from approximately 1000 Q-m in the west to
approximately 3000 Q-m in the east. The average resistivity of soil to a depth of 10 feet in the
same area is approximately 15 to 20 permnt less than the resistivity of soil to a depth of 20
feet. The average resistivity of soil to a depth of 213feetat the stack area ranges from
approximately 2700 Cl-m in the west to approximately 3500 Q-m in the east- The average
resistivity”of soil to a depth of 10 feet in the same area is approximately 15 to 20 percent
higher than the resistivityOf soil to a depth Of 20 feet. These resistivityvalues are consistent
with the resistivityvalues found”inother locations within the H-Area. G .,

Should you have. any questions, please feel free to contact me.

Attachment: Resistivity testing locations

cc: D. Niehoff 730-1 B-3155
L. Salomone 730-2 B-130

M. Lewis 730-2B-I 16

SGS File 730-2B
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